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EDITORIALS 


WINTER SECTIONAL MEETING 







LL arrangements have been made for the Winter Sectional 
4 Meeting to be held in Buffalo, January 21 and 22, 1926, and 
the Buffalo chapter committees are to be complimented for their 
success. 

An excellent program has been prepared, as is evidenced by 
the list of technical papers presented below, and this meeting gives 

















Niagara Falls as we hope it will appear January 23, 1926 








every indication of surpassing previous sectional meetings. The 
Hotel Statler will be the headquarters. 

Members will begin to gather on Wednesday, January 20, as 
on that day the newly elected national officers will hold the first 
meeting of the year at the Statler Hotel, for the transaction of im- 
portant business. On the same date, the Publication Committee of 
TRANSACTIONS, under the direction of Professor H. M. Boylston 
will hold a meeting at the Hotel Statler, for the consideration 
of publication problems and the determination of policy. Also the 
sub-committee on Tool Steel, under the chairmanship of W. J. 
Merten, will hold a meeting at the Hotel Statler on the same day. 
On Thursday morning, January 21, the technical sessions will 
begin. The activities of this sectional meeting are as follows: 
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PROGRAM FOR WINTER SECTIONAL MEETING, HOTEL STATLER 
BUFFALO—JANUARY 21-22, 1926 


WEDNESDAY, JANUARY 20 
10:00 A. M.—Meeting of Board of Directors. 
10:00 A. M.—Meeting of Publication Committee, H. M. Boylston, chairm 
10:00 A. M.—Meeting of Tool Steel Committee, W. J. Merten, chairman. 
6:00 P. M.—Early Bird’s Dinner and Theatre Party—Hotel Statler. 


THURSDAY, JANUARY 21 
Ball Room, Hotel Statler. 
9:00 A. M. to 10:00 A. M.—Registration. 
Morning Technical Session Dr. Zay Jeffries, chairman 
10;00-11:00 A. M.—The Laboratory as a Factor in the Inspection of Alloy and 
Tool Steels—W. H. Wills, Jr., metallurgist, Atlas Alo) 
Steel Corporation. 





11:00-12:00 M. —Influence of Changes in Carbide Concentration on X-ray 
Structure of Some Pure I[ron-Carbon Alloys—Dr. W. |. 
Fink, Aluminum Company of America. 


Afternoon Session 
1:30 P. M.—Plant Inspection. 


Evening Session 


6:30 P. M.—Informal Dinner, Ball Room, Hotel Statler. 


FRIDAY, JANUARY 22 4 
Ball Room, Hotel Statler ‘ 
Morning Technical Session H. M. Boylston, chairma: 
10:00-11:00 A. M.—A Report Supplementing the Work Relating to the Effect 
of Size and Shape on the Hardening of Steels—H | 
French and O. Z. Klopsch, Bureau of Standards, Wash 
ington. 
11:00-12:00 M. -On the Nature of Alloys of [ron and Chromium—Fl. (. 
Bain, Union Carbide and Carbon Research Laboratories. 


Afternoon Session 
1:30 P. M—Plant Inspection. 
Evening Session 
Ball Room, Hotel Statler R. M. Bird, chairman. 
7:30-8:30 P. M.—Electrie Steel Melting from the Metallurgist’s Viewpoin' 
Dr. Birger Egeberg, Haleomb Steel Company, Syracuse, 
Ne ee 
8:30-9:30 P. M.—Macroseopie Examination of Iron and Steel—J. J. Curran, 
and F. P. Gilligan. 
Henry Souther Engineering Company, Hartford, Conn. 


~ 















SATURDAY, JANUARY 23 


Trip to Niagara Falls. 
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‘HORS OF PAPERS TO BE PRESENTED AT THE WINTER SECTIONAL MEETING 
BUFFALO, JANUARY 21 AND 22 
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NOTABLE CONTRIBUTIONS TO THE SCIENCE 
OF METALLURGY 


HIS issue of TRANSACTIONS contains several especially valu- 
able papers dealing with both theoretical and practical 
metallurgy. Two of these papers were presented before the Cleve. 
land Convention of the Society last September, and at the time of 
their presentation created much favorable comment. A third 
paper will be presented before the Winter Sectional meeting of 
the Society to be held in Buffalo, N. Y., January 21 and 22, 1926. 
The paper by Messrs. French and Klopsch, entitled ‘‘ Initial 
Temperature and Mass Effects in Quenching,’’ is a very important 
contribution to the science of heat treatment, and their work, 
which is still in progress, promises well to be of invaluable service 
to steel treaters. The results of quenching experiments with high 
earbon steels are given in which the speed of cooling was deter. 
mined at the center of spheres, rounds and plates of various 
dimensions quenched from various temperatures, into different 
coolants, such as water, 5 per cent sodium hydroxide, oils and air. 
The cooling velocity at 1330 degrees Fahr. is taken as the best 
measure of hardening produced. Relations are also developed 
between the size and shape of the tool quenched. 

The paper by Messrs. Gill and Frost, entitled ‘‘The Chemical 
Composition of Tool Steels,’’ is of much interest and is a valu- 
able discussion of chemical composition of tool steels and the effect 
of certain elements upon the physical properties of these 
materials. This is one of the most extensive discussions of the 
subject which has ever been presented. 

A third paper by E. C. Bain, entitled ‘‘The Nature of 
the Alloys of [ron and Chromium,”’ is published in this issue of 
TRANSACTIONS and will be presented. and diseussed at the sec- 
tional meeting to be held in Buffalo the latter part of this month. 
Mr. Bain has contributed many valuable papers before scientific 
societies, but it is felt that this contribution is the best that has 
been made by him. This paper describes the development and 
preservation at room temperature of delta iron solid solution 
This study no doubt will be far-reaching. 





ANNUAL CONVENTION AND Exposttion—Municipal Pier, 
Chicago, Illinois, September 20-24, 1926. 
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THE NATURE OF THE ALLOYS OF IRON 
AND CHROMIUM 


By E. C. 





BAIN 


Abstract 


This paper describes for the first time, it is believed, 
the development and preservation at room temperature 
of Delta iron solid solution. The alloys are heated above 
the range for austenite formation and upon quenching 
in water the transformation to austenite is suppressed 
and the Delta iron solid solution is preserved unchanged 
ina permanently stable form identical with Alpha iron 
solid solution or ferrite. The name Delta iron signifies 
only that the material has been heated to a higher tem- 
perature than permits austenite to exist in contrast to 
Alpha iron—a material which has been transformed from 
austenite by cooling through the transformation temper- 
ature at a proper rate. Physically the two are identical. 

lron, in its Alpha form, accepts up to at least sixty 
per cent chromium in solid solution and probably forms 
a continuous solid solution series with it in all propor- 
Hions. 

The solid solutions of chromium in iron containing 
less than about fourteen per cent chromium exhibit the 
Alpha-Gamma and Gamma-Delta transformations upon 
heating. The temperature for the Alpha-Gamma transi- 
lion is raised with mereasing chromium content while 
the Gamma-Delta change takes place at a lower and lower 
temperature as the chromium proportion is increased. The 
temperature range for Gamma iron stability, therefore, 
becomes narrow @bove about ten per cent chromium, and 
Gamma iron is not formed at any temperature in the 
alloys having much more than fourteen per cent chrom- 
ium except as influenced by carbon. In alloys richer in 
chromium, Alpha and Delta iron solid solutions are con- 
tinuous and are physically identical. Delta iron solid 
solutions have been preserved, by quenching, permanent- 
ly stable at room temperature. 

The carbon which is usually present in any alloys 
of this type acts primarily to enlarge the region of 
austenite formation—raising the Gamma-Delta tempera- 
fure and lowering the Alpha-Gamma temperature. Fur- 
thermore, carbon extends the region of Gamma iron for- 


paper to be presented before the Winter Sectional Meeting of the 
ty, Buffalo, N. Y., January 21-22, 1926. 
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atories, Long Island City, N. Y. 
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The author, E. C. Bain, member 
T., is metallurgist with the Union Carbide and Carbon Research 
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mation into the richer chromium alloys. Carbon when 
present in as large amount as 0.35 per cent produces 
some Gamma tron even in alloys contaning 30 per cent 
chromium. 

Both chromium and carbon render austemte more 
sluggish and reluctant to transform into Alpha iron 
(martensite) woon cooling. About 12 per cent chrom- 
tum is required to preserve any appreciable austenite at 
room temperature after a water-quench, even with the 
carbon as high as 0.35 per cent. 

EARLIER WorK 


& is to be expected that iron and chromium would form a 
continuous solid solution series. If one reasons by the method 
of analogy, which admittedly is precarious in the field of 
metallography, he will find parallel examples in the ease 0! 
molybdenum-tungsten and still more remotely in copper-gold ani 
silver-gold. In these series, the metals, which are at the same 
time chemically similar and of the same atomic arrangement, 
form the continuous solid solution series. Some years ago thie 
writer corroborated this opinion by examining a series of iron 
chromium alloys by means of the X-rays. The specimens of 
various compositions, all rapidly cooled from near the melting 
point, showed only a single metallic phase, having the budy- 
centered cubic arrangement of atoms found in both chromium 
and iron. The alloys for these examinations were, however, mace 
by the process of sintering together the compressed fine powders 
of the two components. The sintering was accomplished at a tem- 
perature near the melting point and diffusion was believed to 
have taken place; but this method is always open to the criticism 
that homogenization may not be completed. To decrease the like- 
lihood of imperfect diffusion the series of specimens was held at 
elevated temperatures for many hours and again examined by 
X-rays after slow cooling. The resulting erystallograms con- 
tained faint lines which were not part of the body-centered cubic 
pattern. This seemed at first to corroborate the view that wit! 
very long time at certain temperatures iron and chromium <0 
‘form an inter-metallic compound. However, this evidence was 
obtained chiefly in those samples which contained iron and chrom 
ium in about the ratio of 1:7 or 7:1. Consequently, it seemed 
more likely that the extra spectogram lines were not contribute! 
by a new constituent but by the regular arrangement of the tw» 
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nds of atoms in the same space lattice. At any rate, the pre- 
onderance of evidence is in favor of the continuous solid solu- 


‘ion conception, and it is the consensus of opinion of investigators 


vho have studied the range of the present research. 

The series of alloys examined by the X-rays in this study 
vere made from pure hydrogen-reduced iron, and aluminum- 
reduced chromium. The only impurity present in significant pro- 
nortion was silicon, and it is quite unlikely that it could be re- 
sponsible for the development of any new phase. 


METHOD OF THE PRESENT STUDY 


The present study primarily covers the range of alloys be- 
een pure iron and 30 per cent chromium. A few alloys ‘con- 
taining as high as 60 per cent chromium were made for the pur- 
pose of checking the solid solution conception. None of the series 
s, in any sense, a pure alloy of iron and chromium. They are 
low-carbon iron-chromium alloys made from Armco iron and low- 
carbon ferrochromium. Any inferences which will be drawn sub- 
sequently as to the behavior of practically pure iron-chromium 
alloys will be explained in connection with the carbon effect. 

About six pounds of comparatively sound metal were made 

each composition studied. These were prepared by melting 
in a high-frequency induction furnace, and the ingots were forged 
to !.-inch square bars for metallographic examination after heat 
treatment. 

To obtain the structure of the annealed alloys, forged bars 
were heated to about 1100 degrees Cent. (2000 degrees Fahr.) 
and cooled over a period of about two days. Such annealed bars 
vere then cut into small cubie metallographic specimens and were 
viven the various heat treatments described later. Groups of speci- 
mens containing one sample each from the various analyses were 
heated in a tungsten-wound furnace in hydrogen atmosphere and 
then quenched in cold water. The hydrogen caused some surface 
decarburization but prevented scaling. This collection of speci- 
mens of various compositions and a variety of heat treatments 
constituted the material for study. The chart of Fig. 1 shows 
the distribution of specimens in two series, one with a low carbon 
content (0.10 to 0.26 per cent carbon) and another with higher 
carbon content (0.26 to 0.50 per cent carbon). 


he total number of specimens to be examined micro- 
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scopically was made as small as possible. Seven different quench. 
ing temperatures covered a 500 degree Cent. (900 degree Fahr. 
temperature range. Consequently, with such necessarily large 
temperature intervals between quenches, the exact region of any 
given structural change, in point of temperature, may be entirely 
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Fig. 1—Charts Showing Composition and Quenching Tempera 
ture of the Various Specimens Used in this Study. 
missed. The mechanism of the structural change is often of as 
much interest as the transformation itself. In series of the sort 
deseribed, it is regrettable that the exact mode of the change 1s 


so likely to be lost. To remedy this condition a somewhat dil- 


ferent method of heat treatment was applied to a specimen from 
each analysis. A bar about 114 inches long was held from be- 
low in such a manner that its lower end was immersed in cold 
water to a depth of about 14 inch. The other end was heated 
gradually with the oxyacetylene torch until the top was just 
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| This condition, with as uniform temperature gradient 
jossible, was maintained for a few minutes and then the 


socimen was suddenly quenched in cold water. The oxyacetylene 


ame was maintained as nearly neutral as experience makes pos- 
‘ble. A longitudinal section of such a specimen, when carefully 


solished and etehed, gives the continuous thermal history of the 





Continuously Heat Treated Specimens Fused at Upper End by the Oxyacetylene 
| he Lower End was Held Under Cold Water. Note Zones of Structural Change. 
| n 2X 
alloy between the melting point and room temperature. In gen- 
eral, the alloy was not held at any specific temperature along 


this length for more than five or six minutes. This period admit- 
tedly is too short to bring about. perfect equilibrium conditions, 
but it is not too inadequate for an accurate interpretation of 
tle structural changes as they are produced by the heat treat- 
nent. Obviously, even approximate estimation of temperature 
corresponding to a region of structural change cannot be made, 
ut calibrating such a continuously heat treated specimen against 
the specific specimens as above described, limits the temperature 
lunge for any particular phenomenon quite satisfactorily. Fig. 2 
shows a few of these torch-heated specimens at 2 diameters mag- 
nification after polishing and etching. 

"he present study of the alloys of iron and chromium was 
principally by the use. of the microscope. The microscope 
was supplemented by hardness measurements and by the X-ray 
'ystallometer on some few specimens whose microstructure could 


made 
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not be interpreted without ambiguity. In the charts of Fives, 2 
and 4 are shown reduced photomicrographs of all the specimens 
in the two series—low and medium carbon. The small sec: 
of photomicrographs are placed upon the chart in a manner to 
indicate by their location approximately the heat treatment and 
composition of the alloy. Arranging the prints in this manner 
enables one to contemplate the entire series with the heat treat. 
ment and composition constantly in mind. The prints in several 
eases, however, have been trimmed to a size rather too small. \] 
photomicrographs in the reduced charts were made originally 
at 100 diameters and the plots were very convenient for study. 

Iron-chromium alloys are rather difficult to polish. The metal 
is unusually deeply disturbed by the coarser abrasives and usu- 
ally requires several polishes with alumina, or its equivalent. 
following a rather severe etch each time. Gradually the effects 
of the coarser scratches are eliminated. Most of the etching 
reagents either etch too slowly or develop severe pitting. The 
reagent finally employed was aqua-regia in glycerine as adapted 
by J. R. Vilella. It does not stain and seems about equally 
effective and rapid on the various proportions of chromium. 
Austenite is only slowly attacked and, therefore, may be identified 
by its brilliant whiteness in contrast to the ferrite, martensite, 
or delta iron, with which it is associated. 

The continuously heat treated specimens prepared, as de- 
scribed above, by the use of the oxyacetylene torch were photo- 
graphed over their entire significant length. Successive photo- 
graphs were matched and trimmed so that without the omission 
of a single grain in the material the entire thermal history may 
be read from one end of the strip to the other. At 100 diame- 
ters magnification the strips vary in length from 3 to 4 feet, and 
are not suitable for reproduction in this paper. 

At the outset it should be understood that the present study 
was conducted in order to give the general trend of the struc- 
tural changes in the iron-chromium alloys, and accurate figures 
for the temperature of the various transitions are not within the 
- scope of this paper, nor are the exact boundaries of the various 
structural regions of the diagram known with certainty. On the con- 
trary, only the general shape of the areas was discovered. It is prob- 
able, however, that this first approximation of the structural dia- 
gram offered herewith may be regarded as accurate in the main to 
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IRON AND CHROMIUM ALLOYS 


Fig. 5 Che Pearlite of an Annealed 9 Per Cent Chromium Alloys 
e Carbon Content was Only 0.12 Per Cent HOOX. 


perhaps 00 degrees Cent. (90 degrees KFahr.). This first approxima- 
tion is adequate for a conception of the general nature of the iron- 
chromium alloys. 
RESULTS 

The annealed low-carbon iron-chromium alloys are roughly 
analogous to the earbon steels but differ in a few characteristic 
details. In some of the alloys, pearlite is formed with a certain 
slow rate of cooling through the critical range but it lacks the 
regularity of ecarbon-steel pearlite. Further the estimation of 
carbon from the extent of the pearlite areas is quite uncertain. 


In veneral, the carbon content is actually lower than the pearlite 
area would indieate, in spite of the fact that the ferrite may 


hol 
iC 


d more carbon in solution when considerable chromium is pres- 


eut. Pearlite was not observed in alloys containing more than 


1) per cent chromium, the carbide particles being spheroidized. 
here was usually incipient spheroidization evident in the speci- 


ens which showed pearlite. Fig. 5 is a photomicrograph at 


O00 diameters of a pearlitic iron-chromium alloy containing only 
NW ner cent earbon. 
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For convenience, the behavior of the alloys will be presented 
by groups, the members of which have certain arbitrarily chosen 
properties in common. 

Groupe 1—Chromium Content Between 3 and 14 Per Cent 

With carbon present not in excess of 0.15 per cent the iron- 
chromium alloys containing up to about 14 per cent chromiun 
behave very similarly indeed to the low carbon steels. Such alloys 
when heated to about 800 degrees Cent. (1570 degrees Fahr. 
begin to become austenitic, and if quenched, yield martensite. 
At any rate, they are wholly martensitic if quenched from a 
temperature of above about 900 degrees Cent., and so far as can 
be determined they are also martensitic when quenched from as 
high a temperature as 1350 degrees Cent. (2460 degrees Fahr.). 
In this group, the alloys containing less than about 11 per cent 
chromium appear martensitic even when quenched from 1420 
degrees Cent. (2590 degrees Fahr.). It is quite possible, hoy 
ever, that these alloys were not austenitic when quenched, but 
that they were in the form of delta iron solid solution which, 
however, was not preserved by the quench but transformed to 
austenite and subsequently to martensite. With about 12 per 
cent chromium and carbon up to 0.35 per cent a quench from 
1420 degrees Cent. (2590 degrees Fahr.) yields a homogeneous 
polyhedral structure stable at room temperature and fully mag 
netic-delta iron. The proof of the identity of this constituent 
will be discussed below. In the alloys containing about 12 to 
14 per cent chromium, a small amount of austenite is occasion 
ally preserved at room temperature by quenching, if the carbon 
is as high as 0.35 per cent. In a word, then, this group is 
dominantly martensitic after a water-qnench and contains, at its 
upper limit, the lowest chromium content which succeeds in re- 
taining delta iron unchanged at room temperature. With only 
0.10 per cent carbon and 3 per cent chromium probably grain 
refinement alone results from the quench, but the acicular ap- 
pearance, suggestive of martensite, may be observed. 


trouP 2—Chromium Content Between 14 and 25 Per Cent 


With low carbon (below 0.25 per cent) this group 
of alloys is characterized by containing some microscopic areas 
of alpha iron absolutely unchanged, while the alloy is heated 
through the usual critical range up to 1420 degrees Cent. (2590 
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ovrees Fahr.). Through this range of alloys there is a notice- 
rise in the lowest temperature at which austenite is formed, 
| the temperature at which the alloy becomes wholly delta iron 
creatly lowered. In fact, the only regions which undergo 
~ansformation are those fortuitously rich in carbon by virtue of 
‘ng in the vicinity of carbide particles. 
in the members of this group which contain more than about 
2) per cent chromium the austenite is so sluggish as to be pre- 
served as sueh at room temperature after the quench. When 
specimens of this group are heated to and quenched from a tem- 
perature which converts the alloy back to the body-centered cubic 
form of erystal (delta iron), one frequently finds the traces of 
vrain boundaries of austenite clearly showing as a secondary 
vrain system entirely unrelated to the delta iron grain boundaries. 
It is in this group of alloys that the effect of carbon is most 
marked. If the earbon content of such alloys is as high as 0.40 
per cent the behavior of the alloys is quite different from that 
just deseribed. In the first place, martensite is observed in the 
specimens quenched from temperatures as low as 950 degrees Cent. 
1740 degrees Fahr.) to 1000 degrees Cent. (1830 degrees Fahr.). 
lurthermore, much more austenite is retained after the quench 
at room temperature and, lastly, the temperature for the produc- 
tion of pure delta iron is considerably higher. Only between 
1350 degrees Cent. (2460 degrees Fahr.) and 1400 degrees Cent. 
2550 degrees Fahr.) are the last traces of austenite destroyed 
to form homogeneous grains of delta iron. It is interesting to 
observe that a specimen containing 20 per cent chromium and 
0.50 per cent carbon may be quenched from 1185 degrees Cent. 
2170 degrees Fahr.) to produce a wholly austenitic alloy. When 
quenched from much below this temperature free carbide parti- 
cles are still to be found in a martensitic matrix, and when 
quenched above this temperature the incipient development of 
delta iron is discernible in characteristic form. This same alloy 
when quenched from above 1400° C. consists of pure delta iron. 


) 


GRrouP 3—Chromium Content Between 25 and 35 Per Cent 


his group is characterized by being dominantly without 
transformation. The major portion of the alloy, even with car- 
bon up to 0.35 per eent, remains unchanged throughout the entire 
temperature range between room temperature and the melting 
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point. Only occasionally in the vicinity of a large carbide partic) 
of the annealed structure a small lake of austenite is produce 
at about 1200 degrees Cent. (2190 degrees Fahr.), which, at hiche; 
temperature, disappears. It is characteristic of this group tha 
frequently carbide particles may resist solution in the solid uy 
to temperatures in the vicinity of 1200 degrees Cent. (2190 de 
grees Fahr.) and then dissolve in delta iron solution with furthe, 
elevation of temperature. In alloys containing less than 0.25 pe 
cent carbon it frequently occurs that no austenite can be found 
at all in the specimens regardless of quenching temperature. Suc! 
alloys are truly without any trace of transformation and exhibit 
only the phenomenon of grain growth at about 1200 degrees Cent 
(2190 degrees Fahr.). In these high chromium alloys one ocea 
sionally observes that a thin envelope, probably austenite rich in 
carbon, is developed about the delta-alpha grains at about 1200 
degrees Cent. (2190 degrees Fahr.) and that subsequently the 
carbide is reprecipitated, after diffusion, more or less uniformly 
throughout the grains of delta iron. This fine precipitation ot 
carbide usually disappears entirely in specimens heated to 1400 
degrees Cent. (2550 degrees Fahr.) prior to quenching. 

[It remained for Westgren' to show conclusively that the dis- 
continuity of magnetic and other properties in iron, just below 
the melting point, at about 1440 degrees Cent. (2625 degrees 
Kahr.) was accompanied by an atomic rearrangement. He found 
that upon heating through this temperature iron reverted to the 
erystalline form of a/pha iron. This was in excellent accord with 
the results of earlier explorations into the realm of delta iron. 

Carbon has been considered to obliterate this phase when 
present to the extent of a few tenths of a per cent. The author 
had for a long time considered the possibility of rendering de/fa 
iron sufficiently sluggish in transformation to permit its reten 
tion and study at room temperature by the addition of some cle 
ment in solid solution. It appears that chromium contributes 
just such persistence. It was to be expected that such conditions 
would develop when it was discovered that chromium raised the 


- austenite formation temperature and reduced atomie mobilit) 


so effectively. 
The proof of the identity of the material lies in the facts 
that no recrystallization takes place during the quench and that 











'Westgren and Phragman, Journal, Tron and Steel Institute, page 159, vol. 59, 1924 
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| reheating such specimens to 700 degrees Cent. or just be- 
eritical temperature causes on change except occasionally 
th ‘ipitation of some carbides. See Fig. 6. 

‘he foregoing description of the thermal behavior of the 
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-ultant material is fully magnetic and shows no twinning. 
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| Photomicrographs at 100 Diameters Magnification of Delta Iron Solid Solu 
s x the Stability of the Phase. Heating to 750 Degrees Cent. (1320 Degrees Fahr.) 
l ( ses no Change in the Alloys Note Neumann Bands Caused by Hammer Blow 


various iron-chromium alloys is supplemented by a number of 
charts which show in a diagrammatic form the approximate tem- 
perature of the development of various constituents as affected 
by chromium edntent. These diagrams are self-explanatory and 
are drawn to indieate both the state of the material at elevated 
temperature and also the constituents which will be found at 
room temperature in the alloys after quenching in water. The 


1h) Ind 


aries of certain structural zones are shown in shaded areas, 
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since in this first preliminary investigation it was impossi))le 
define the various structural regions with great accuracy) 
Figs. 7 to 10 inclusive. . 

In the charts of Figs. 7 and 8 an attempt has been 15 
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Fig. 7—Diagram of the Austenite Region in Iron-Chromium Alloys at 
Various Temperatures. The Diagram Shows Approximately the Effect oi 
Carbon in Extending the Austenite Region Into the Richer Chromium Alloys 
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outline the behavior of alloys containing negligible carbon. By 
‘‘negligible carbon’’ is meant such quantity as-can be retained || 
in solid solution in ferrite at room temperature after annealing. | 7 
This amount may be as great as 0.20 per cent in the higher chrom- | 
ium alloys. Such alloys were rarely observed but it is believed Fy 
that their behavior may accurately be inferred. Such assumption 
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on the behavior of the carbide particles themselves. Dif- 
in the alloys of iron and chromium is notoriously slug- 
herefore, when an alloy is heated for a short time at a 
on ture for transformation the allotropie change takes place 
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ivance of the solution of the carbide particles made pos- 
such allotropiec change. To some extent, therefore, the 
excess carbon is Inert (except at the highest temperatures) and 

e behaves in the main much as though the carbon were 
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cent. Furthermore, by studying the trend of the carbon 

‘ny higher carbon alloys the general nature of its influence 

n any particular alloy ean be inferred. As example, when we 

nd that certain grains of the original alpha iron remain more 

intact during the entire thermal history of a 15 per cent 

ium alloy during heat treatment, the inference may be cor 

vaethy drawn that without carbon no austenite would be formed. 

the regions of martensite gradually increase in extent up 

{ 1100 degrees Cent. and then rapidly disappear, leaving 
fa iron, after higher temperature treatment. 

of the most surprising observations made during this 


dy was that of the high solubility of carbon in delta iron at 


I RN EI aS 


rh temperature lin excess of 1400 degrees Cent. (2550 degrees 

It is scarcely to be considered that at such a tempera 
Se ture any phase could long remain supersaturated, and yet in an 
lloy of 20 per cent chromium polyhedral grains of delta iron 


solid solution have been preserved at room temperature without 


trace of carbide precipitation when the alloy contained 0.50 per 
ent carbon. Upon reheating sueh grains of delta iron at 750 
degrees Cent. (1380 degrees Fahr.) the excess carbide is precipi- 


* 


d within the grains. 

The diagram of Fig. 16 is a three-dimensional chart having 
or elevation the approximate hardness (Rockwell C) of the entire 
high carbon series. The base of this three-dimensional chart has 


or ordinate, quenching temperature, and for abscissa chromium 


RRR iaiaieess'. 


ontent. The region of the alloys which undergo transformation 


peat 


nto gamma iron is clearly separated from the region essentially 





free from allotropie change. The reversion in high temperatures 
the delta or body-centered cubic modification is also clearly 


shown for these alloys in which the chromium has depressed the 










jamma-delta change into the present range of heat treatment. 
Two or three anomalous hardness measurements were not plotted 
on this diagram in the interest of clarity, with the result that a 
smooth surface has been developed. The alteration, however, 
mounts only to a few points in Rockwell C hardness. The erratic 
lue for these single points is explained by the vagaries of the 
eich in respect to the preservation of the soft austenite which 
sso delicately balanced against the development of martensite. 
The austenite preserved at room temperature from these low- 
iron-chromium alloys requires a rather unexpectedly high 
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temperature for decomposition. The series of photomicrographs 
in Fig. 17 shows the gradual change to alpha iron with increase 
of drawing temperature. This change brought about by temper. 
ing increases the hardness markedly in a uniform manner. his 
austenite, however, is not resistant to cold work to the exten 


ROCKWELL “CO” HARONESS 





Fig. 16—Chart Showing (in Elevation) the Hardness Trends in Vari- 
ous Iron-Chromium Alloys After Quenching from Various Heat Treatments. 
At the Righ: is Shown the Hardness of the Annealed Alloys. 

that might be expected. Great care was necessary in the polish- 
ing of the austenitic specimens to prevent the development of 
transformed material as a result of the scratching of the first 
coarse abrasive. The method finally adopted for polishing austen- 
itic specimens was to etch away transformed material by an un- 
usually vigorous treatment and redevelop the polish with alumina. 
Wherever the microscopic appearance was ambiguous, recourse 
was had to X-ray examination as the final criterion. Fig. 15 
shows two X-ray crystallograms side by side. The upper oue 
is of a practically pure austenitic specimen and the lower one is 
the crystallogram of the same material. after considerable cold 
work under the hammer, the unmodified material is obviously 
coarse grained, as shown by the dashed appearance of the face- 
centered cubie pattern. The lower crytallogram is obviously of 
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Fig. 17—Photomicrographs at 100 Diameters of the 20 Per Cent 
Chromium Austenite as it is Dec omposed by Successive Heatings to 
Various Temperatures. Note Appearance in the Specimen Drawn at 
650 Degrees Cent. of a Material with the Structure of Troostite. 
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ALPHA IRON BODY-CENTERED CUBIC 


Fig. 18—X-Ray Crystallograms, Above, a Pattern of Coarse-Grained Austenit: 
the Same Material After Severe Cold Work. The Austenite has been Fragmented 
Iron Developed—a Proof of the Identity of Austenite. 


a mixture of about equal parts of austenite (now fine grained 
and body-centered cubie material—ferrite, also fine grained. Thijs 
simple test constitutes a complete proof of the identity of austen 
ite. Such a test was usually unnecessary, since prolonged etchiny 


would develop evidence of twins visible under the microscope 


SUMMARY OF RESULTS 

1. Alloys containing more than about 25 per cent chromium 
are without transformation, alpha iron and delta iron solid solu 
tions being continuous and identical. With this chromium con 
tent carbon in excess of 0.40 per cent is required to produce an 
appreciable amount of austenite at any temperature. 

2. In iron-chromium alloys containing more than 10. pe 
cent chromium, delta iron is produced in a form sufficiently stabl 
to be quenched unchanged to room temperature. It is formed at 3 
decreasing temperature with increase in chromium content. At room 
temperature it is then ordinary ferrite and permanently stable. 

3. In the absence of appreciable carbon, chromium will not 
dissolve in gamma iron in excess of about 14 per cent. That is 
to say, gamma iron is not produced in alloys containing more 
than this amount of chromium. 

4. Carbon acts to increase the solubility of chromium in 
gamma iron and to render it a stable constituent in alloys con- 
taining more than about 14 per cent chromium. The iron-chrom 
ium alloys containing less than about 10 per cent chromium behave 
similarly to low-carbon steel producing a material upon quenching 
which is structurally martensitic with rather lower carbon content 
than would be found in a steel yielding the same structure. 


The author gratefully acknowledges the assistance of his associates, H. S. George, \\ 
E. Griffiths and J. R. Vilella, all of whom offered valuable suggestions for the work M 
George contributed many charts; Mr. Griffiths prepared most of the alloys and directed tl 
heat treatment; Mr. Vilella devised the technique for developing structures shown in t! 
photomicrographs 
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(INITIAL TEMPERATURE AND MASS EFFECTS 
IN QUENCHING 


By H. J. Frencu Anpb O. Z. KLopscu 
Prefatory Abstract 


In this report are gwen results of quenching expert 
nts with high-carbon steels in which the speed of cool- 
y was determined at the center of spheres, rounds and 
utes of various dimensions quenched from various tem- 
peratures into different coolants such as water, 5 per cent 
VaOH, oils and air. The cooling velocity at 1330 degrees 
Muhr. (720 degrees Cent.) is taken as the best measure of 
idening produced, and relations are developed between 
is and the size and shape of steel quenched. Knowvng 
| he described cooling rate at the center of any one size of 
simple shapes quenched im any of the customary 
enching media, such as oils and aqueous solutions, the 
. clocity in any other size in such shapes can be closely 
»procimated from the included data when the steel 1s 
A 





quenched from any temperature between 1330 and 1920 
egrees Fahr. (720 and 1050 degrees Cent.). Typeal 
ecamples are gwen. 


I. INTRODUCTION 


; 1) RING the past twenty or thirty years a great deal of 
A attention has been given to the properties produced in earbon 


and special steels by quenching and tempering and to the constitu- 
tional changes brought about by different heat treatments. Help- 


ful diagrams have been prepared which not only promote a better 
understanding of the changes taking place, but also permit sur- 


4 prisingly aceurate predictions of the properties which will result 
» from different heat treatments. 

lt is, for example, now generally well known that the prop- 

= cries of a given steel depend primarily upon the temperature 

4 irom which it is cooled and the manner of cooling and that this 

' ™ latter variable is dependent upon the coolant which is used and 

ca ; the size and shape of the steel under treatment. While the effects 

a permission of the Director of the Bureau of Standards of the U. 8S. Depart 


This paper is printed as Technologic Paper No. 295 of the Bureau of 
Department of Commerc« 


r presented before the Cleveland Convention of the Society, Sep 
ee “miber 1418, 1925. Of the authors, H. J. French, is physicist (metallurgy), 
a Klopsch, assistant scientist (metallurgy), with the Bureau of 

mt Washington, D. C. 
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of varying mass upon the resulting properties have been studied 
little attention has been given to the changes in cooling rates ey. 
cept in a very general way. More nearly quantitative informatio) 
in this respect would be helpful in the selection of correct heat treat. 
ments as well as in comparisons of quenching media and with this 
in view the experiments described in this report were carried out 

For results which would be most generally useful a study 
should be made of the temperature distribution as well as the 
cooling at the center of different sizes and shapes of steel. The 
described experiments are, however, restricted to the latter phase 
and will form a basis of comparison for additional work which 
it is hoped will be undertaken at a later date. 


II. Previous INVESTIGATIONS 


It is possible to gain a general idea of the effects of size and 
shape on the cooling of steels from the theory of heat conduction 
first perfected and applied by Fourier,! but while some results are 
obtained which appear consistent with actual experience or tests, 
they cannot be considered quantitative, they necessitate elaborate 
and tedious calculations and require various assumptions which 
introduce an element of doubt upon the validity of many of the 
conclusions which are drawn. 

Comparisons by Heindlhofer? of a mathematical study of the 
temperature changes in a hot body after quenching, and experi 
mental cooling eurves of metal cylinders quenched in water, de 
veloped a number of discrepancies with the several theories on rapid 
cooling. The principal feature of interest in connection with the 
experiments to be described is that the cooling time was found 
to be proportional to the square of the diameter of the cylinder 
when quenched in the theoretically most rapid coolant in which the 
surface of the metal is instantaneously cooled to the final tem 
perature. 

A theoretical study of the cooling of hot bodies in gases and 
liquids was more recently reported by Seeliger,* who reviewed 
several available theories and emphasized the fact that they <0 

Refer to such texts as ‘‘An Introduction to the Mathematical Theory of Heat Conduction,” 


by L. R. Ingersoll and O. J. Zobel (1913), Ginn & Co., New York, which includes reference: 
to original articles. 


*K, Heindlhofer: Quenching: A Mathematical Study of Various Hypotheses on Rapid 
Cooling. Physical Review, 20, pp. 221-42 (1922). 


3B. Seeliger: Die Abkithlung heisser Kirper in Gasen und Fltissigkeiten. Physik. 2: it 
schr., 26, p. 282 (1925). 
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“mit an exact solution but make possible useful deductions. 
Experimental eooling curves of large sections have been ob- 

by a number of investigators. Fry* studied large solid 

and hollow-bored axles quenched in heavy and light oils, water, 
ir and oil-water compounds, but due to differences in quenching 
oture and the introduction of other variables into the sev 
experiments, no general conclusions can be drawn. Law® 
ated the cooling at the center of 18-inch cubes quenched 

ter spray, a water bath, an oil and air, and likewise deter- 


eed Ss % 


mined the resulting tensile properties from center to surface. The 
onsile strength gradients were greatest from the water bath 
quenching, but a maximum difference of only 1,000 pounds per 
square inch was found at the center in the cubes quenched in the 
various media (exeepting air), thus indicating that the thermal 





alg sy Papen oR eR Ps 


fee properties of the steel have more to do with the center cooling 
© i such large masses than the coolant used. 

Bash® reported heating and air cooling curves taken at dif- 

Dee ferent points in a 24-inch ingot, while Knight and Hansen’ studied 


the cooling at a point 2 inches from the edge of an 8-inch round, 
14 feet long, when quenched in cottonseed oil. 

Jantizky® devoted considerable attention to the experimental 
tudy of mass effects in heat treatment and developed a formula 


fica aah ie Sa ot 8 


ing the relation between the hardness produced in various 
™ sizes and shapes of carbon and alloy steels when tempered at 
| different temperatures subsequent to hardening. He also derived 
iseful relations by which it is possible to approximate the time 
required to reach any temperature in air cooling rounds of various 
dimensions from different temperatures. 

\ feature of particular interest is that the surface per unit 


a ‘L. H. Fry: Notes on Some Quenching Experiments, Journal, Iron and Steel Institute, 
oz 5, p. 119 (1917). 
% °k. F. Law: Effect of Mass on Heat Treatment, Journal, Iron and Steel Institute, 97, p. 
a _ F. E. Bash: Forging Temperature and Rate of Heating and Cooling of Large Ingots. 
a ‘ ‘wns, American Institute of Mining Engineers, ‘‘Pyrometry’” volume, p. 614 (1920). 
a ‘O. A. Knight and F. F. Hansen: Heating, Quenching and Drawing Large Steel Forgings, 
| Metallurgical Engineering, 20, p. 590 (1919). 
ai Ja tzky: Hardness Formulas. Iron Trade Review, 69, p. 1079 (1921). Influence of 
t Tre itment. Chemical and Metallurgical Engineering, 25, p. 783 (1921) Mass 
. Heat Treatment of Steel. Jron Age, 109, p. 658; 110, p. 788 (1922). Influence of 





D, Treating. American Machinist, 50, p. 1153 (1919). A Contribution to the 
‘4 oe he Influe nce of Mass in Heat Treatment, Transactions, American Society for Steel 
ow a ; 55 (1921). New Development on the Influence of Mass in Heat Treatment. 
; a : American Society for Steel Treating, 2, p. 877 (1922). Characteristics of Air 
2 8, TRANSACTIONS, American Society for Steel Treating, 3, p. 335 (1922). 
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of volume, which in plates, rounds, and spheres is in the ratiy 
of 1, 2, 3, when the ends and edges are neglected, is definite), 
related to the properties produced by quenching. | 

The effects of size on the tensile properties of quenched , 
quenched and tempered steels were studied by Zimmerschied’ ayj 
by Straub.*° While much useful information was obtained }y 
both investigators, their results do not come within the field . 
he covered in this report, and, therefore, will not be reviewed jy 
detail. 

One of the most interesting points in published data was ceive) 
by MeCance,"* who showed that the cooling velocity at the centey 
of the high-carbon steel cylinders quenched in water by Porteviy 
and Garvin,’* when taken at a fixed temperature of 1290 degrees 
Fahr. (700 degrees Cent.) was inversely proportional to sone 
power of the diameter greater than 1 but less than 2. 


Ill. ExperiImMENTAL Mernops Usep 


The methods of test employed were identical with those de. 
seribed in detail in a previous report.’? Steel or other metal 
specimens of the desired form and dimensions were quenched from 
a definite temperature in known solutions and time-temperature 
eooling curves taken at the center of the samples with the aid of 
platinum platinum-rhodium thermocouples and a ‘‘string galvan- 
ometer.’’ 

Seven major sets of experiments were first carried out in 
which four coolants were used representing a wide range in “‘hard 
ening power,’’ viz., 5 per cent sodium hydroxide in water, water. 
a commercial quenching oil (referred to as No. 2 oil) and air. 
Steel specimens were all cooled from 1607 degrees Fahr. (87) 
degrees Cent.) and held motionless in the coolant which was at 
ordinary room temperatures (18 to 22 degrees Cent.). High-carbon 
steel (0.89 per cent carbon) rounds varying from 14 to 2 inches in 
diameter, but with a fixed length-diameter ratio of 4, were quenched 


°K. W. Zimmerschied: Influence of Mass in Heat Treatment of Steel. Jron Trade Periew, 
53, p. 84 (1913). 


«T. G. Straub: Relative Size in Heat Treatment, Jron Age, 104, p. 167 (1919). 


1A. McCance: Discussion of Report by A. M. Portevin and M. Garvin. The Experiments! 
Investigation of the Influence of the Rate of Cooling on the Hardening of Carbon Steels, 


Journal, Iron and Steel Institute, 99, p. 563 (1919). 


“H. J. French and 0. Z. Klopsch: Quenching Diagrams for Carbon Steels in Relation 
Some Quenching Media for Heat Treatment. TRANSACTIONS, American Society for ‘St 
Treating, 6, p. 251 (1924). 


sae Sods 














n each of 
pel eent ¢ 
ameter, W 
while high 
. to 2 ine 
ness, were 
quenching 
out with 
in the val 
W hil 
eussIng t 
mary one 
erees Cel 
earbon ste 
which @a 
informat! 


retention. 


T'o 
various ¢ 


eooling 


of var1o1 
replotted 
changes 
1 
cooling 
location 
When at 
change t 
their p 
observed 
Inches it 
from the 
This is ¢ 
however 
; 


ther? 
ths 






































MASS EFFECTS IN QUENCHING 

ch of the four coolants; a group of ball-race steel spheres (0.98 

ent earbon, 1.63 per cent chromium), 34 to 27% inehes in di- 
meter, were quenched in water and another in the prepared oil, 

hieh-carbon steel plates (from 0.85 to 1.15 per cent carbon), 

inches thiek, with a ratio of 4:4:1 in width, length and thick- 
ni vere cooled only in water. Subsequently, the effects of 
quenching temperature were investigated and experiments carried 
out with a large sphere and irregularly shaped pieces as given 
‘) the various sections of this report. 

While several methods of comparison are referred to in dis- 
cussing the effects produced by the different coolants, the pri- 
mary one is the cooling velocity at 1330 degrees Fahr. (720 de- 
epees Cent.), as it has already been shown that in quenching 
carbon steels this is the best single measure of ‘‘ hardening power’’!* 

‘ich can be secured from a cooling curve. It gave accurate 
information coneerning the hardening produced and warranted 
retention, at least temporarily, for further experimental work. 


IV. EXPERIMENTAL RESULTS 


1. Time-Temperature Cooling Curves 


ee be 2 


To illustrate the type of experimental data on which the 
various comparisons in this report are based, time-temperature 
cooling curves are reproduced in Fig. 1 for the center of spheres 
of various sizes quenched in water or in oil. These have been 
™ veplotted directly from photographie records of the time-deflection 
hanges in the ‘‘string galvanometer.’”’ 


Oe ne 


There are no striking variations in the character of the 
cooling curves obtained for the different sizes except for the 
location and magnitude of the heat effects of transformations. 
: a nen at low temperatures these are small and do not appreciably 

inge the cooling rates so no attempt has been made to indicate 

sition and magnitude in Fig. 1; they will readily be 
ed when large, as in the oil quenched spheres 234 and 2%, 
Sy tches in diameter, because the resulting curves are quite different 
: = om those which would be obtained on a transformationless metal. 

- T clearly indicated by the dotted lines in Fig. 1. In no ease, 
is the selected basis of comparison (the cooling velocity 


“hardening power” as used in this report refers to effects produced on the 
formations, microstructure and hardness of carbon steels by different media under 
parable conditions of treatment. It is general in nature and considered to be 
(qualitatively) to the cooling velocity at 720 degrees Cent. Thus the higher this 
ty the higher is the “hardening power.’’—See foot-note 12, page 36 
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__ Fig. 1—Time-temperature Cooling Curves at the Center of Ball Race Steel Spheres 0! 
Different Sizes Quenched from 875 Degrees Cent. into either Motionless Water or No. ? 0! 
at 20 Degrees Cent. 
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(90 degrees Cent.) affected by any of these thermal effects, 
larve or small, as they occur below this temperature. 

(he similarity in the cooling curves obtained in a given 
coolant on different sizes is, perhaps, more clearly shown in Figs. 


2» and 3 by the changes in velocity with temperature. The maxi- 


mum in a given coolant is found at one temperature for all sizes 
and the eurves are of the same form; they differ only in the 
numerical values of the cooling rates and the magnitude of the 
changes in rate with temperature. 

It is worthy of note that when quenching from the ‘‘standard’’ 
temperature of 1607 degrees Fahr. (875 degrees Cent.) into oil or 
water, the chosen basis for comparison (the cooling velocity at 720 
degrees Cent.) is taken at practically the maximum speed of cool- 
ing. The changes in rate on either side of this maximum occur 
slowly, so that the cooling rate selected is being taken from a 
relatively flat portion of the curves and helps materially in giving 
exceedingly regular results. 

The curves for air cooling in Fig. 3 show that the maximum 
velocity is much closer to the quenching temperature than in the 
case of either oil or water (Fig. 2) in which it occurs at about 
0.8 of the initial temperature. 


2. Effect of Size and Shape on the Center Cooling Velocity Taken 


at 720 Degrees Cent. 


The effect of diameter in spheres and rounds, and thickness 
in plates, upon the center cooling velocity at 1330 degrees Fahr. 
720 degrees Cent.) is shown in Fig. 4. The relation between the 
diameter or thickness and this cooling velocity is very closely 
approximated by the general equation 


VIF = ¢ 


in Which V is the cooling velocity at. 720 degrees Cent. in degrees 
Vent. per second, D is the stated dimension in inches (diameter 
for rounds and spheres, and thickness for plates) and ‘‘n’’ and 
©” are constants, the values of which are given in Table I. 
Comparison of these constants shows that the numerical value 
of the exponent ‘‘n’’ is a function of the coolant, while ‘‘e’’ is 
dependent upon the shape of the material as well, and hence upon 
the surface per unit of volume. 
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It may now be stated that in quenching: 


L (a) the cooling velocity, in the neighborhood of 133) de. 

i grees Fahr. (720 degrees Cent.), at the center of spheres. 
rounds and plates is inversely proportional to some power 
of the diameter (or thickness) greater than 1 and less 
than 2. 

(b) this power varies for the different coolants; it is close 
to 1 for air (1.15), approaches 2 in 5 per cent sodium 
hydroxide (1.84), and increases generally with the rapid. 
ity of the coolant. 
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At first glance it would appear that the value of the exponent 





Table I 3 

Numerical Values of the Constants for Equation (1) E 

Conditions % 

For ratio of length to diameter in rounds = 4 y 

For ratio of length to width to thickness Value of Me 

in plates = 4:4:1 = to om 

Rounds quenched in 5 per cent NaOH from 875 degrees Cent............... 1.84 61 a 
Spheres quenched in water from 875 degrees Cent............ceeeeeeeeeees 1.75 89.8 . a 
Rounds quenched in water from 875 degrees Cent............0e0cseeceeeees 75 4.1 . oo 
Plates quenched in water from 875 degrees Cent.............cecceeeeeeees 1.75 27. S. 
Spheres quenched in No. 2 oil from 875 degrees Cent..............00000085 1.40 40.2 ae 
Rounds quenched in No. 2 oil from 875 degrees Cent.............0ee eee eeee 1.40 25.0 E?. 





Rounds cooled in air from 875 degrees Cent... .......ccceeec severe ccccees 1.15 1.74 


n’’ in formula (1) might be used directly, or at least indirectly. 
to obtain a number truly expressing the ‘‘hardening power’’ of 
any coolant, as it is neither dependent upon the size nor the shape 
of the material. Such a derived value would, of course, be based 
on the assumption that the cooling velocity at 1330 degrees Fal. 
(720 degrees Cent.) was a quantitative measure of the martensiti | 
zation or hardening produced in any steel, which is not exact!) 4 
true. Under ordinary conditions with carbon steels, it is a suff; [7 
ciently close criterion, so that really large errors would not be in [7 
troduced on this score, but there is another and more important 7 
reason why such a derived numerical value cannot be used. This : 
will later be discussed in detail. | 
Some interesting and useful comparisons can be developed 
if from the data given in Fig. 4. The first has to do with the effet FF 
i of the shape of the steel on the center cooling velocity taken 4! 
i, 
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-0/) devrees Cent. (subsequently called ‘‘cooling velocity’’ or ‘‘ cool- 
te’’?) and may be stated as follows: 


for a given size the highest cooling velocity is obtained 
in spheres, an intermediate rate in rounds and the lowest 
in plates. 


; due to the fact that a given size of sphere has a larger 
nt of surface per unit of volume by which the heat can be 


apes 


away than a round of the same diameter, and similarly a 
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Cooling Velocity-temperature Curves taken at the Center of Ball Race Steel 
f Different Sizes Quenched from 875 Degrees Cent. into either Motionless Water 
ae > Oil at 20 Degrees Cent. The Transformations in the 2% and 2%” Diameter 
5 s Quenched in Oil have been Disregarded in Plotting the Smooth Curves. 
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, 
round 


has a larger surface per unit of volume than a plate of 
3 equal thickness. A more detailed consideration of the relation of 
4 the surface and surface per unit volume to the cooling velocity will 
Zi be given in subsequent sections of this report. 

\ more generally useful and quantitative statement covering 
lese relations is that 


d) for equal cooling velocity the ratio of the diameter of 
spheres to the diameter of rounds and thickness of plates 


is as 4: 3: 2, provided the length of the cylinder is 4 
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42 TRANSACTIONS OF THE A. 8. 8. T. Januar, 
times its diameter and the length and width are each 4 
times the thickness of the plate. 


Thus the cooling velocity at 720 degrees Cent. and the hardening 
at the center of a 1 inch sphere are the same as in a 34 inch round. 
3 inches long, and a 1% inch thick plate, 2 inches long by 2 inches 
wide. Confirmation of this for certain sizes can be obtained direct. 
ly from the experimental data tabulated in Table II, but more 
convincing proof can readily be secured mathematically from the 
general relationship given by formula (1), (V D"® = @e); at the 
same time such computations will show the degree of accuracy at 
tained in the experiments from which the values of ‘‘n’’ and ‘‘.” 
were determined. 


If V; = center cooling rate, taken at 720 degrees Cent. for spheres 
V, = center cooling rate, taken at 720 degrees Cent. for rounds 
Vr = center cooling rate, taken at 720 degrees Cent. for plates 
D, = the diameter of the sphere 
D, = the diameter of the round 
Dr = thickness of the plate 


then the relation between size and cooling velocity in water quench. 
ing is given by 


(2) V;D,'** = 89.8 or V; = 89.8 for spheres 


1,75 
8 


and (3) VD" = 54.1 or Vr = 54.1 — for rounds. 
» 


For equal cooling velocity in spheres and rounds V, equals 
V,.and 


OS Kl is 
D, 1.75 D,*:"* 

(4) D _ (89.8\_1 
DD. ~ eel 


Here the right hand side of the equation (4) represents the ratio 
of diameters in spheres and rounds which will have the same co0l- 


ing rate and when reduced is found to be equal to 1.333. Similar 


computations carried out for spheres and plates quenched in 


water give a ratio of diameters equal to 1.960; for spheres and 


rounds quenched in oil it is 1.399. 
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When these are compared to an assigned value of 4 to spheres, 


rhe following results are obtained which are equal, within limits 


experimental error, to the stated.ratios of 4:3:2. 


Ratio of diameters giving the same 
cooling rate at 720 degrees Cent. in 





Water quench Oil quench 
Gpheres ....esecescecccccees 4 4 
ee age EL fea hee ee ee a 3.00 2 86 


et ir a 2.04 


» Data Showing That the Cooling Twme for Certain Intervals is 
Inversely Proportional to the Cooling Velocity Taken 
at 720 Degrees Cent. ; 


[t will probably be well at this pomt to demonstrate that the 
cooling velocity selected for previous comparisons is proportional 
to the cooling time, provided this is taken over an interval which 
does not begin or end at a temperature within the range of large 
heat effects of transformations. Not only does this make the 
foregoing comparisons of more general interest but also demon- 
strates again that the form of the cooling curves, or to express 
this somewhat differently, the manner of cooling at the center of 
spheres, rounds and plates, is not altered appreciably by variation 
in size (within the limits of the experiments). 

In order to avoid those temperatures in which thermal effects 
would change both cooling rates and times and at the same time 
include in comparisons the cooling at both high and low tem- 
peratures, two ranges were selected, (1) the cooling time from the 
quenching temperature 1607 to 1290 degrees Fahr. (875 to 700 
degrees Cent.), (2) the cooling time from 1607 to 750 degrees 
ahr. (875 to 400 degrees Cent.). 

As shown in Fig. 5 for spheres quenched in oil or in water, 
the relation between cooling time and diameter is closely approxi- 
mated by a hyperbola having the general equation 

T 

_- (5) 
in which T is the cooling time in seconds, D is the stated dimen- 
sion in inches and ‘‘n’’ and ‘‘e,’’ are constants. 
The numerical value of ‘‘n’’ in this equation (5) is the same 
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as that in equation (1) for a given coolant. Therefore, the evo). 
ing time from either 875 to 700 degrees Cent. or 875 to 400 devrees 
Cent. is inversely proportional to the velocity and may be deter. 


Temperature ~ deg.C. 





Cooling velocity ~deg.C per second 
Fig 3—Cooling Velocity-temperature Curves taken at the Center of 0.89 Per Cent 


Carbon Steel Rounds of Different Sizes Cooled from 875 Degrees Cent. into Still Ai 
22 Degrees Cent. Dotted Lines Indicate an Extrapolation in which the Heat Effe: 


the Transformations are Neglected. : 
mined if the values of ‘‘e’’ and ‘‘e,’’ are known for the various 


shapes quenched in the different coolants. This may be expressed 
as follows: 


9? 


Ts > (6) 


9 


in which ‘‘e,’’ is the constant of equation (5) (cooling time [or- 
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| Rounns Puates 
: SPHERES ratio length-diameter *4:) — ratio. kngth-width-thichihess © 424.1 


. 4 Qvenched in 


5% Nadn 






















t 
Water quenched 
. > VD" =27.6 
as 00 
i 





os a re F a 
vVD'"= 89 re | 


ee 
‘. - 
. wae — | 
\ae 
VD = 40.2 vp” = 25.0 


% Air cooled 
va = 1.74 


ee 











— 
Site Sl thik AMM ee 92 | RES ERY 


Diameter or thickness in inches (D) 


hig. 4—Relation Between the Center Cooling Velocity, taken at 720 Degrees Cent., 
Diameter or Thickness of High Carbon Steel Spheres, Rounds and Plates Quenched 
» Degrees Cent. into Various Coolants. 





and ‘*e’’ is the constant of equation (1) (cooling velocity 
formula 





46 TRANSACTIONS OF THE A. 8. 8. 1. 
The numerical values of ‘‘e’’ and ‘‘e,’’ are, as previously j) 

dicated, dependent both upon the coolant and the shape of ¢} 

| material. On this account, they are not here included for 4) 

th shapes and coolants. 

I It may now be stated that, 


(e) provided the chosen interval does not begin or end at » 
temperature within large thermal transformations. th» 
cooling time at the center of spheres, rounds and plates 
is inversely proportional to the cooling velocity take) 
at 1330 degrees Fahr. (720 degrees Cent.). 





05 25 2 0 ! 5 ! 0 0 5 
Diameter of sphere in inches 


Fig. 5—Relation Between the Center Cooling Time and the Diameter of Ball Ra 
Steel Spheres Quenched from 875 Degrees Cent. into either Motionless Water or No. ” 
Oil at 20 Degrees Cent. 

i. Effect of Exposed Surface in Rounds, Spheres and Plates ov 
the Center Cooling Velocity, Taken at 720 Degrees Cent. 





The foregoing comparisons and formule have been given for 
the sake of completeness and as a matter of general interest, no! 
because they are the most generally useful of those which may be 


¥ 
. ! 
i secured. Aside from the necessity of having the numerical value 
Nes ; : 4 . 
li of the constants ¢ (equation 1) and e, (equation 5) for each set 


of conditions involving change in shape and coolant, the relation 
do not apply directly to rounds having a length-diameter ratio 
other than 4, and likewise can only be used for plates in whic! 
the length and width are each 4 times the thickness. It is, there 
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desirable to seek a more generally applicable relation be 
» the cooling rate and the size and shape of material. 


iy, cooling a heated mass, heat must flow from the central 


Table II 


Experimental Data for the First Seven Sets of Quenching Experiments 


C, 1.68 per cent Cr, Steel Spheres quenched from 875 degrees Cent. into 
motionless coolants at 20 degrees Cent 


Ratio Cooling Rate at 720° ©, 
ivfac Volume Weight Surface in “©. per sec 
I In Grams Volume H.O Oil 
‘ 
' 1.767 226 26.6 S ‘148.5 *®O0 
142 523 64 6 Vb "43.6 
| 1.326 Li0.5 1.46 1) "20.2 
nf > 186 86 8.70 bo o 
$450 138 8.20 28 “16.6 4 
0 6.7900 804.5 2.68 20 *11.4 
4.10 11,110 L425 2.10 14 0 
é Carbon Steel Rounds quenched from 875 degrees Cent, into motionless coolants at 
} 20 degrees Cent 
Ratio Cooling rate at 720° ©, in 
‘ Volume Weight Surface °C, per sec, 
' | In Gram Volume HW,O No, 2 oil (Cb) Alt 
4% 
893 46.5 9 185 69 8.84 
4 1.326 167 i 03 od 82.37 
i 14.14 $142 396 1.6 vi On 5 1.77 
» Oo 6,185 780 ,.6 37 18.5 L386 
és 81 10.602 1350 8.0 “27.4 Ter 1.07 
s 6.13 3195 >. 25 16.3 9.4 RO 
zo 
% Ratio Cooling rate at 720° ©, 
a Surface Volume Weight Surface in “©, per sec, 
a In In, Grams Volume 5% NaOH 
2 193 46.5 0 222 
S4 1.205 161.2 6.05 105 
13.92 ,.065 $83.5 4.64 4 
1.77 », 980 760.0 3.64 37 
6.12 24.83 38156 2.26 16.8 
teel Plates quenched from 875 degrees Cent, into water at 20 degrees Cent 


Ratio Cooling rate at 720° O 





Surface Volume Weight Surface in °C. per see 
In In.* Gram Volume H.O 
6.75 B44 104.1 8 149 
1? 00 , OO P53.0 6.00 i 
15.19 2.85 353.0 5.338 "77 
8.0 16.00 9()96 8.00 $1 

188.04 125.00 15961 1.51 6.9 


Average of 2 values, 
) . 


oe N oil is a prepared commercial quenching oil, the same as referred to in a 
a por Refer to footnote (12) of the text 





; 
() 


vard the surfaces and be taken away from the body through 
ace of the metal which is in direct contact with the coolant 
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Under ordinary conditions of heat treatment there is an wnlim. 
ited supply of the coolant in comparison with the mass of eta) 
to be cooled, so that the time required to take the heat away, a) 
hence the rate of extraction, will be a function of the amount of hye; 
to be removed. With a fixed initial (quenching) temperature {hj 
is proportional to the volume of a given metal. Since the exposed 
surface and volume are both of importance in determininy th 
cooling rate in a given coolant, it is reasonable to expect that th 
most general relation will be found in comparison of the surface 
per unit volume and the cooling velocity and not in consideration) 
of the amount of surface alone. 

While the surface-cooling velocity curves for the difierey 
shapes, as shown in Fig. 6, are of the same general type as those 
in Fig. 4, in which diameter or thickness is plotted against th 
cooling velocity, it can readily be shown that they apply on) 
to the specific sets of conditions covered by the experiments and 
are not of more general use. Therefore, no attempt has been made 
to represent these curves mathematically. 


5. Relation Between the Surface Per Unit of Volume and th: 
Cooling Velocity, Taken at 1330 Degrees Fahr. 
(720 Degrees Cent.) 


If the cooling velocity, taken at 720 degrees Cent., is com 
pared to the surface per unit of volume for each of the basic shapes 
(spheres, rounds and plates) a family of hyperbolie eurves is 0!) 
tained which are closely approximated by 


n 


v = (=) x0, (7) 
where V is the cooling velocity in degrees Cent. per second, taken 
at 720 degrees Cent., S is the surface area in square inches, \\ 
is the volume in eubie inches and ‘‘n’’ and ‘‘C,”’ 
the values of which are given in Table III (‘‘n’”’ 
in previous equations). 

' Unlike previously developed relations, both constants are i! 
dependent of the shape of the material and, under otherwise /ixe 


are constants, 
is the same as 


conditions, are determined solely by the coolant. This, however. 
only applies to the simple and basie shapes covered by the ex- 
periments, namely, spheres, rounds and plates, -but is not re 


SR TRE OL 


at: 


_ 










VASS EFFECTS IN QUENCHING 


Nata for rounds with length « 
4 times the diametes 








K 0 \) A) Rt) 00 0 










Data bor plates with length and 
width each = 4 tines the 


thickness . for rounds with 
length = 4 times the diameter 












0 






Surface in 59. inches 


I Relation Between the Center Cooling Velocity, taken at 720 Degrees Cent, and 


Surface in Quenching Various Sizes and Shapes in Different Coolants from 875 
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stricted to a fixed ratio of length to diameter in the rounds 0, , 
ratio of length to width to diameter in the plates. yy. 
mula (7) is thus more generally applicable than the previous one 
Experimental confirmation of this is given in Fig. 7, in whic) 
is shown the effect of surface per unit volume on the cooling rat, 
for various coolants. Spheres, rounds with different ratios 
length to diameter, and plates in which the ratio of length to wid: 
to diameter has been varied, are all plotted to the same coor) 
nates and fall closely on a smooth curve for each coolant. Fro, 
the data given in Fig. 7, it is possible to approximate the cooliny 
velocity for any of the simple basic shapes, or this ean be dete 
mined from formula (7) and the values of ‘‘n’’ and ‘‘C,”? ciyey 
above for 5 per cent sodium hydroxide in water, water, a comme 
cial quenching oil and air cooling. If the eritical cooling rate 
are known for a given steel, or quenching diagrams are availa)| 
such as have already been determined for carbon steels by thy 


authors," 


it follows that the degree of hardening can be predicte 
or that the size which will harden completely throughout (ma 
tensitization) can be determined, whether for a round, sphere, pla! 
or eube, J 

Inasmuch as ‘‘n’’ and ‘‘C,”’ of formula (7) are independent 
of the shape of the material the center cooling velocities of spheres, 
rounds and plates will be equal when their respective surfaces pe 
unit of volume are equal. The sizes which have equal surfaces 
per unit of volume in these different shapes and, hence, equal 
center cooling velocity, are as follows: 


Size ininches for 


Length-diameter ratio for rounds : 


i: infinite 

Length-width-thickness ratio for plates 4:4:1 infinite 
Spheres .... 4 3 
Rounds . 3 2 
Plates ..... 2 | 


The difference between these ratios for the finite and the 
infinite specimens is due to the greater cooling effect exerted )) 
the end and edge surfaces of the short pieces. 

To apply the foregoing to any coolant it is only necessary '” 
know, for different values of surface per unit of volume, the rel: 
tion between ‘‘n’’ and the cooling velocity. This is shown grapli 


“Refer to note (12) 
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y the family of curves in Fig. 8 and can conveniently be 
or any of the simple shapes. For example, if the preseribed 

velocity is known when quenching a eylinder 1 inch in 
‘er and 6 inches long in a special oil, the numerical value 


for this coolant is given by the intersection of the horizon 


ine at this cooling rate and the curve representing the surface 
unit of volume of a cylinder 1 inch round by 6 inches long. 
be assumed that the cooling velocity is known to be 25 


rrees Cent. per second. Since the surface per unit of volume 


the designated eylinder is 4.33, the value of ‘‘n’’ equals 1.43 


By substitution in equation (7) the constant ‘‘C,’’ ean read 


obtained, and it is then possible to make use of the formuls 


usual manner. However, the determination of ‘‘C,’’ is not 


fhe 


necessary. Knowing the value of ‘‘n’’ for the coolant, it is possible 


le directly from the eurves in Fig. 8, the cooling velocity 


iO Stale 





for any value of surface per unit of volume. These lie along a 


f 


vert 


‘al line projected from 1.48 which equals the value of ‘‘n.’ 


‘ig. 8 gives the most useful of the relationships so far devel 
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Table IIT 



















a Numerical Values of the Constants for Equation (7) 
4 Value of 
* Conditions ast “>” 
# ched in 5 per cent NaOH from 875 degrees Cent..... 1.84 8 RG 
% nched in water from 875 degrees Cent 1.76 tao 
= hed in water from 875 degrees Cent....... 1.75 8.91 
“ee | in water from 875 degrees Cent..... 1.76 4.038 
3 Av 3.04 
“a nched in No, 2 oil from 875 degrees Cent 1.40 99 
i hed in No, 2 oil from 875 degrees Cent 1.40 t.0 
i AY 3,12 
n air from 875 degrees Cent. . sihaiaae 2. moa 0.31 
oped, Tor with it a close approximation can be obtained of the 
™ ‘nass effects in quenching for a wide range of conditions. No 
al 
a, sal ° . . . 
a calculations are required and it is only necessary to know the 


er cooling velocity for one size in any of the simple shapes. 


— it will be well at this point to refer again to the conditions 





vhich the described experiments were carried out so that 
ill be no misunderstanding concerning the limits within 
the various data may be applied. 





In the first place, the 
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200 Quenched in 5% Nadt 


& 


Water quenched 


v= (%) «3.94 


2 


*2 oil quenched 
60 


v-(2)"* 312 


Cooling velocity at 720°C im deg.C per secona (Vv) 
= 





‘ Air cooled 


v-(2) 0.31 


Fig. 7—Relation Between the Surface per unit of Volume and the Center © 
Velocity, taken at 720 Degrees Cent. in Various Sizes and Shapes Quenched from *‘° 
Degrees Cent. into Different Coolants. Hollow Circles Represent Determinations \'' 
Spheres; Solid Circles with Rounds; Hollow Squares with Plates. 
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: Mi Effect Chart.””’ This Gives the Relation Between the Center Cooling 
' it 720 Degrees Cent., the exponent ‘‘n’”’ of Formula (7), and the Surface 
for High Carbon Steels Quenched from 875 Degrees Cent, into an 


have so far only been shown to apply to the effects at 
of the simple basic shapes. For a complete understand 

mass effects in quenching, a study must also be made 
— erature distribution, and it is expected that this phase 


ered in a subsequent report. In all cases a quenching 


ae 


of 1607 degrees Fahr. (875 degrees Cent.) was em 


aT 


both the steel and the coolant were kept motionless. 
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ae ¢ 
As the customary methods of commercial treatment for relatiye) 
small sections involve agitation or circulation of liquids such as wy, 
ter and oils, and likewise employ a variety of quenching tempera. 
tures which depend largely upon the composition of the stee| , 
well as the purpose of the treatment, practical application y 
the developed data requires consideration of these two variable 
(1) the effect of motion in coolants on the cooling velocity ay, 
(2) the effect of quenching temperature on this cooling velocity 

Just as water and oil are different coolants so may each rai 
of motion or degree of circulation be properly considered as (js 
tinct from the motionless coolant. On the assumption that the pay 
of motion changes the speed of cooling there are, therefore. qy 
infinite variety of coolants which must be considered, ineludiny \ 
only changes in the composition but also in degree of motion an| 
temperature. As already stated, it is only necessary to have avail 
able the described cooling velocity for a known size and shaje 
of high carbon steel quenched from 1607 degrees Fahr. (875 (. 
grees Cent.) into a given coolant in order to determine from |v 
8 the constant ‘‘n’’ and all data which can be developed for the 
motionless media used in the experiments. The accuracy of the 
results will, of course, be dependent upon the reliability of the 
cooling rate used as a basis for comparisons or calculations. 

The described data may now be summarized: 


(f) In quenching simple shapes of various sizes, (spheres, 
rounds, plates) the center cooling velocity is proportional 
to some power of the surface per unit of volume greater 
than 1 and less than 2. This power increases with thi 
rapidity of the coolant used. 

(g) When quenching from a definite temperature into a give! 

coolant the center cooling velocity is determined by tle 

exposed surface per unit of volume. Hence, it will be 
equal in spheres, rounds and plates which have equal sur- 
face per unit of volume. This condition is fulfilled whe 
the ratio of diameters of spheres and rounds of infinite 
length to the thickness of plates having _ infinite 
width and length is 3:2:1. When the length of the row 

is 4 times its diameter, and the width and length a 

each 4 times the thickness of the plate, these ratios be: 

come 4:3 :2. 
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MASS ERFFECTS IN QUENCHING DO 


ect of Quenching Temperature on the Center Cooling 
Velocity Taken at 18380 Degrees Fahr. 
(720 Degrees Cent.) 


The effect of quenching temperature on the designated cooling 
velocity obtained in water and two oils is shown graphically in 
Wie. 9, and it will be noted that in all cases the increase in rate is 
much more marked for a given temperature rise between 1330 
ty 1470 degrees Fahr. (720 and 800 degrees Cent.) than above 
rom these eurves, conversion factors can be determined by whieh 
it is possible to change the cooling rates from the ‘‘standard’”’ 
quenching temperature of the experiments, 1607 degrees Kahr. 
875 degrees Cent.), into the rates which would be obtaimed from 
any initial temperature between 1330 and 1920 degrees ahr, (720 
and 1050 degrees Cent.), a range covering commercial hardening 
except for high speed steels. As a matter of convenience the con 
version factors are shown graphically in the right half of the 
diagram 

In addition to the direct experimental observations giving the 
‘hanges in rates with quenching temperature, derived values for 
the conversion factors have been included in the curve at the right 
side of Fig. 9. These were computed from data given in Fig. 2 
nd depend upon two faets: (1) the cooling velocity-tempera 
ture changes (neglecting thermal transformations) are of the same 
form when quenching the various sizes and shapes from differ 


rif 


temperatures In a given coolant, and (2) for a given final 


‘ 
1 


emperature, the maximum velocity throughout the cooling ranges 
is directly proportional to the initial (quenching) temperature, both 
with respect to its position in the temperature scale and its numeri 
eal value 
The many quenching curves taken to demonstrate these feat 
ures cannot be ineluded in this report nor will there be given in 
(letail the derivation of the conversion factors by this method. 
It is to be noted, however, that the derived values show close agree 
ent with those determined directly by experiment, and thus in 


dicate that exceptionally consistent results have been obtained in 
the Ss VF 


he 


] 
(i r)? 


ral sets of experiments. 
actual change in cooling velocity is larger in the rapid 
than in those which cool the steel more slowly, but the 


n factors for the two oils and water are practically identi 
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eal; at least, they are so close as to be within the limits of 
perimental accuracy. 

From the data given in Fig. 9 ‘‘the quenching temperaty) 
conversion chart’’ of Fig. 10 has been prepared. 

This gives, for samples of different surfaces per unit of volyy,: 
the conversion factors to be applied to the cooling velocity fy, 
one quenching temperature in order to determine the cooling velo. 
ty of the same sample when quenched in the same coolant froy 
any other temperature between 1330 and 1920 degrees Fahr. (79 
and 1050 degrees Cent.). 

It applies generally to any coolant which gives cooline hay. 
acteristics similar to those shown in Fig. 2. Practically, al] y 
the oils and aqueous solutions so far tested at ordinary tempers. 
tures fulfill these conditions within the limits of accuracy attained 
in the deseribed experiments. Included in this list are sodiy 
hydroxide solutions, sodium and also calcium chloride brines, dilut: 
sulphurie acid, sperm, neatsfoot, transformer, cottonseed, machine 
eastor, olive, fish, and three commercial quenching oils. It doe 
not, however, apply to air cooling. 

In connection with Fig. 10, the ‘‘mass effect chart’’ (lig. » 
becomes of very general use as it is only necessary to reduce the 
known value of the cooling velocity from one quenching tempera. 
ture into the rate produced from 1607 degrees Fahr. (875 degrees 
Cent.) when the mass effects can be determined and a reconver- 
sion for quenching temperature made for the new size and shap 
To illustrate the use of the ‘‘quenching temperature-conversion 
chart, a number of examples may be cited. 

If the rate for a 1% inch round, 2 inches long (surface per 
unit volume = 9) is known to be 67 degrees Cent. per second whi! 
quenched in a given coolant from 1650 degrees Fahr. (900 degrees 
Cent.) and it is desired to determine the rate when quenching 
from 1400 degrees Fahr. (760 degrees Cent.) under otherwise com- 
parable conditions the following procedure is employed: 


eX. 


am . : , s 4 
First obtain in Fig. 10 the intersection between the yw curve= 
9 with the quenching temperature of 900 degrees Cent. le 


factor opposite this intersection is 1.03. Next follow the -y 


curve = 9 in the direction of and until it intersects the new 
quenching temperature of 760 degrees Cent. The factor opp 
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this intersection is 0.59. The cooling velocity when quench- 


: . 0.5 . : 
from 760° C. will then be 103 of that when quenching 
‘ . 0.59 = — ; 
m GOO degrees ( ent. or 02 7 6 ( 38 degrees ( ent. per 


nd. 


Che deseribed procedure is shown by the dotted lines in the 


\ more complicated case in which both the ‘‘mass effect’’ 
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temperature conversion’’ charts are used will now be fol- 


lowed and checked by actual experiments. 
the selected cooling velocity for a 34 inch round, 3 inches 
long (surface per unit of volume = 6) when quenched from 1455 


‘grees Fahr. (790 degrees Cent.) into 5 per cent sodium chloride, 
id by experiment to be 76 degrees Cent. per second. It 
IS qd ey 


| to determine the cooling velocity in a 14 inch round, 
long (surface per unit of volume = 9) when quenched 
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from 1607 degrees Fahr. (875 degrees Cent.) into the same coolant. 
The following procedure is used. 


(1) First make the temperature conversion from 1455 ¢, 
1607 degrees Fahr. (790 to 875 degrees Cent.) from Fig .10. 











: . 4 S 
Find the intersection between the curve oe 6 and the 


quenching temperature of 790 degrees Cent. The factor op. 
posite is 0.387. Next follow on this > curve to the right un. 
til it intersects 875 degrees Cent. The factor opposite this 
intersection is 0.49. The cooling velocity when quenching 
the 84 inch round, 3 inches long from 875° C. will then )e _ 







x 76 == 101 degrees Cent. per second. 





(2) Convert this new cooling rate of 101 degrees Cent. per 


second for the 34 inch round into the rate for the 1% inch round 
from Fig. 8. 









Find the intersection of the line representing the surface per 
unit of volume of the 34 inch sample (=6) with the cooling 
rate of 101 degrees Cent. per second. Follow vertically from 
this point to the new surface per unit of volume (=9 for the 
14 inch round). The intersection is found to be opposite to 
a cooling velocity of 211 degrees Cent. per second. 














The cooling rate obtained experimentally for the described 
conditions was found to be equal to 215 degrees Cent. per second, 
which checks the value derived from the two charts, (211 degrees 
Cent. per second) within about 2 per cent. 

Other comparisons between values derived from the two charts 
and experiment are given in Table IV and show that consistent 
agreement is secured. 


7. General Limits. Within Which the Derived Relations Between 
the Cooling Velocity and the Surface Per Unit of 
Volume Apply 


’ There still remains for discussion the limits within which the 
derived relations between the cooling velocity and surface per unit 
of volume apply. Definite limits cannot be set at this time but 
the results of a few special experiments will serve to illustrate 
some of the principles involved. 
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Fig. 10—‘“‘Quenching Temperature Conversion Chart.’’ This gives the Relation Be- 

I Quenching Temperature and Center Cooling Velocity, taken at 720 Degrees 
Cent., for Various Sizes and Shapes of Steel with the Oils and Aqueous Solutions having 
ng Characteristics Similar to those shown in Fig. 2. 


A 1 inch diameter cylinder, 314 inches long, with spherical ends 

was quenched in water from 1607 degrees Fahr. (875 degrees 

be Vent.) and the center cooling velocity found to be 55 degrees Cent. 
, per second. This cylinder has a surface per unit of volume equal 
to 4.42 and according to formula (7) the cooling velocity would 
be 53 degrees Cent. per second. Its surface per unit of volume 
is slightly less than the same cylinder without the spherical ends 
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(4.56) for which a cooling velocity of 56 degrees Cent. per 
should be obtained. 

A ¥% inch square bar 3 inches long when similarly quenched 
in water from 875 degrees Cent. had an experimentally doetoy. 
mined cooling rate equal to 60 degrees Cent. per second. [ts gy». 
face per unit of volume equals 4.80 and according to formii|a (7) 
or the chart reproduced in Fig. 8, its velocity should be 61. 

In both these cases the modifications made in the basie sh 
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Comparison of direct experimental determination for cooling velocity taken p 
at 720°C with values derived from ‘‘Mass Effect’’ and ‘‘Quenching ee 
Temperature Conversion’’ Charts. (Figs. 8 and 10) = 

Cooling Velocity : ; % 
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%”x3”"” Round 6 5% NaCl 790 76 211 215 
%”x3” Round 6 H,O 800 69 174 182 4.5 
%4”x3"” Round 6 Transf. Oil 790 19 54 51 
2%” Sphere 2.1 H,O 760 8.3 186 182 
2%” Sphere 2.1 No. 2 Oil 760 4.6 65 








(spheres, rounds and plates) did not involve very large changes 
in the surface per unit of volume and the values obtained from 
the formule and charts check the experimental data within the 
limits of accuracy attained. Therefore, a 34 inch diameter cylinder, 
3 inches long, was prepared in which the entire curved surface 
was threaded with 34 inch U. S. Standard threads, 10 to the linear 
inch. The surfaces per unit of volume of this threaded specimen 
and an unthreaded cylinder of the same length and diameter are 
respectively 11.0 and 6.0. The calculated cooling velocity for the 
threaded piece is 505 degrees Fahr. (262 degrees Cent.) per sec- 
ond, whereas the actual rate obtained in quenching was only 92 
degrees Cent. per second, which is practically identical with the 


calculated and actual cooling velocity of the plain cylinder, namely, 
90 degrees Cent. per second, 
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veneral conelusions can be drawn from such limited ex- 
nts. but they indicate that the described relations between 
velocity and the surface per unit of volume do not apply 
modifications in the simple basic shapes involve a large change 
surface without appreciably affecting the volume (or weight). 
With slight changes in form from the basic shapes which do not 
materially the ratios of surface to volume, the formule and 
rts will give results which approximate the actual values within 

) per cent. 

Obviously, they cannot be considered for irregularly shaped 
masses which have no geometrical center at which to determine 
the cooling velocity, but in at least some of such cases it is reason- 
able to expect that the cooling velocity at the center of equal 
temperature planes would bear some definite relation to the surface- 
volume relationship. This might profitably be investigated but 
vould require a study of temperature distribution during cooling. 

\nother and more important question, as it relates to the 
simple shapes covered by the experiments, is whether the data 
‘an be applied to very large masses. 

It has already been demonstrated that the relation between 
the center cooling velocity and the surface per unit of volume 
is represented by a family of hyperbolic curves having the gen- 


rmula V (=r) "c As the value of the exponent ‘‘n’’ 


was found to vary for the different coolants the curves will cross 
if carried far enough to include very large sizes. 


in other words, oil would cool faster than water, and with 


sufficiently large masses even air would cool the centers more rap- 
idly than sodium hydroxide, ete. Obviously, such effects are un- 
reasonable, and it may be stated at the outset that the several 
equations given in this report do not hold good in such eases. 
However, it is quite reasonable for the center cooling velocity given 


by various coolants to be more nearly the same for large sections 


than in the relatively small samples used in the described experi- 
ments. A point must be reached with increasing mass where the 
effective surface through which the heat must be taken is so small 
relation to the weight (or volume), and so far removed from 

uter that the cooling is a function of the thermal properties 
metal, No matter how quickly the surface is brought to the 
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final temperature of cooling there must be a limiting rate by whieh 
heat can be withdrawn from the center and this is controlled hy 
the thermal properties of the material being quenched. | 


a. Results Obtained in Quenching a Sphere 11%, Inches 
Diameter. 


in 
To determine whether equal cooling velocities are obtained 
under such conditions, in which the formule show a Supposed 


reversal of “‘hardening power’’ for various coolants, and _ ]ik 


@ quenched in water from \Q5% 





© quenched in water from 995°( 


@ quenchedin SZNaOH trom 985°C 





Temperature - deg.C. 











Time in seconds ry 


Fig. 11 Time-temperature Cooling Curves Obtained at the Center of a 11%” Diamet 
Sphere Quenched in Various Coolants from different Temperatures. This Sphere was mad 
from 0.19 Per Cent Carbon Steel. 


wise to compare the numerical values of cooling rates determined 
experimentally on large sections with those derived from the small 
size specimens, three quenching experiments were carried out with 
a sphere 11.25 inches in diameter. This was quenched from 1809 
and 1877 degrees Fahr. (985 and 1025 degrees Cent.) into motion- 
less water at 22 degrees Cent. and also from 1805 degrees Far. 
(985 degrees Cent.) into motionless 5 per cent sodium hydroxide 
at 22 degrees Cent. A 14-gage chromel-alumel thermocouple and 
a portable potentiometer were used in taking the time-temperature 
cooling curves reproduced in Fig. 11. Aside from the inconvenience 
in using the string galvanometer for low rates of cooling, this 
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in equipment and methods was desired to check the ac- 
f the determinations on the small samples. Special pre- 
ys were taken to maintain good contact between the thermo- 
and the center of the sphere during both heating and 
The thermocouple was mounted on a threaded plug in 
4 manner that when serewed tightly into the hole bored to 
enter of the sphere, it pressed the hot junction up against 
tal. 
\lention has already been made of the fact that the maximum 
oling velocity throughout the cooling range is directly pro 
portional, both with respect to its position in the temperature 
cale and its numerical value to the initial (quenching) tempera 
ture (provided the coolant and its temperature are fixed). In 
both water and 5 per cent sodium hydroxide the maximum veloci- 
is found at about 0.8 of the quenching temperature. This, 
therefore, offers a simple method of comparison which will be 
ised in discussion of the quenching of the large sphere. 

When quenched in water from 1805 degrees Fahr. (985 degrees 
Cent.) the maximum center cooling velocity was found to be 1.4 
degrees Cent. per second (at 790 degrees Cent.) ; from 1025 degrees 
Cent. it was 1.5 degrees Cent. per second (at 820 degrees Cent.) ; 
quenched in the 5 per cent sodium hydroxide from 985 degrees 
C'ent., it was 1.4 degrees Cent. per second. 

Thus the maximum cooling velocity determined directly by 
experiment at the center of the 11.25 inch diameter sphere was 
the same when quenched in water as in the 5 per cent sodium 
hydroxide. 

The surface per unit of volume of this sphere is 0.533. From 
the ‘‘mass effect chart’’ (Fig. 8) or formula (7) the maximum 
cooling velocity can be computed as in quenching from 875 de 
grees Cent., it occurs at from 700 to 720 degrees Cent. These 
S5 


, s . ‘ 
gq, Will then give the respective maximum rates 


values times 


when quenching from 985 degrees Cent. A comparison follows 
of the derived values with the experimental data. 


Maximum cooling velocity, °C. per sec. 


Derived value Experimental value 


1 from 985° C, into 5% NaOH. 


| from 1025° ¢ . . into water.. 


. 35 
1.4 
1, 5 


52 
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inuary 


An exceedingly close check has been obtained. However. tj, 
important feature is that water and 5 per cent sodium hydroxide 
do not, as in the case of the small samples, give apprecial|y qis 
ferent center cooling velocities. 

It is not, of course, possible from these few experiments ; 
set definite limits within which the ‘‘mass effect chart’’ (Fic. x 
or the hyperbolic curves between center cooling velocity and guy. 
face per unit of volume hold good. However, it appears tha; 
these curves are valid, within the prescribed limit of accuracy oj 
5 per cent, at all points until they cross the curve for wate; 
which is represented by the formula 


ce S \un 
v= (-w-) x 3.94; 


subsequently, as the size increases, the velocities in other inediy 
appear to approximate those given by water which has been shown 
to apply for very large masses. 

It should now be evident why the exponent ‘‘n’’ of the several 
formule cannot, as previously mentioned in Section IV-2, be used 
as a direct measure of the ‘‘hardening power’’ of coolants. for in 
large sections, as clearly shown by the experiments just described, 
little difference is observed in the center cooling velocity for wide. 


ly different coolants. In such cases, this is a function of the ther. 


mal properties of the metal. 


b. Effect of Variation in Composition of Metal Quenched on th: 
Observed Center Cooling Velocity Taken at 
720 Degrees Cent. 


The described relations and charts have been based on ex- 
periments with high carbon steels and cannot be applied directly 
to metals having widely different thermal properties. A few queuch- 
ing experiments were carried out to throw light upon the changes in 
cooling velocity which may be expected when such high carbon 
steels are replaced by other metals and the results are given in 
Table V. 

The differences in cooling velocity between the high carbon, 
high carbon-chromium and high speed steels and Armco iron art 
well within the accuracy of the experiments (5 per cent) but more 
rapid cooling is obtained in the 32 per cent nickel steel and cop- 
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‘he deseribed relationships may, therefore, safely be used 


for carbon steels of varying carbon content (except when ther- 
mal transformations alter the cooling rates at 720 degrees Cent.), 
hall race and high speed steels. Probably they also apply to the low 
alloy content structural steels. However, attention should be called 


to the fact that there are much larger differences in the cool- 

‘no curves in the low temperature ranges. The selected cooling 

vate at 720 degrees Cent. is taken while the steel is in the austen- 
Table V 

Cooling Velocity Obtained at 720°C when Quenching 34” diameter by 3” 
Cylinders of Various Metals from 875°C into Motionless Water at 20°C 


Cooling velocity at 720° C. 











Meta in deg. C. per second 
~Q ( SPOGE . 9g che eK OSES HEDO SHE SEES ES OES OCHO RCR OC CO HROSE HED O OES 93 
\ (akon Qa Se awh he as bree de heehee tobe kee ae 97} 
! | st | go ha COE ee A eee bee & PRRs ob ew bb oe heb se Oe oS 107 
Hig j 1 13% W 8.7% Cr 1.9% V aT ia Ge Sod oo a 92 
Bat \ MTT TE eT ro eee CO 146 
erived value from experiment with 4%” diameter x 2” long cylinder. 


itic condition and the carbon in solution; it is, therefore, not 
related to the variations in thermal conductivity known to ex- 
ist between steels of varying carbon content at lower temperatures 
where alpha iron exists. 


V. SUMMARY AND CONCLUSIONS 


The results obtained may now be summarized and the follow- 
ing conclusions drawn: 


A. Effect of Size and Shape on the Center Cooling Velocity, 
Taken at 720 Degrees Cent. 


l. In quenching steel spheres, rounds and plates, the cool- 


ing velocity for any one of these shapes is inversely proportional 
to some power of the diameter (or thickness) greater than one and 
less than 2. This power increases generally with the rapidity of 
the coolant; it is close to 1 for still air (1.15) and approaches 
2 in motionless water (1.75) and 5 per cent sodium hydroxide 
1.84) at 20 degrees Cent. 

_ +. For a given size the highest cooling velocity is obtained 
n spheres, an intermediate rate in rounds and the lowest in plates. 
More specifically, for equal cooling velocity the ratio of the diame- 
ter of spheres to the diameter of rounds and thickness of plates 
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is as 4:3:2, provided the length of the cylinders is 4 times th, 
diameter and the length and width are each 4 times the thicknog 
of the plates. With infinitely long cylinders, and plates hayino 
infinite length and width, these ratios are 3:2:1 (directly as th 
sizes which have equal surface per unit of volume). 

3. The cooling time is inversely proportional to the selecte; 
cooling velocity provided it is taken over an interval which does 
not begin or end at a temperature within the range of large hea 
effects of transformations, 

4. The relations between the size and shape of steel quenched 
and the cooling velocity or time are closely approximated by the 
following formule in which V is the velocity in degrees Cent. per 
second, T is the time in seconds, D is the stated dimension (diame 
ter or thickness) in inches, S is the surface area in square inches. 
W is the volume in cubic inches and C, C,, C, and n are constants, 

(1) Cooling velocity and diameter or thickness 


VY = C 
(5) Cooling time and diameter or thickness 
, 
TY “1 
(6) Cooling time and velocity 
os = 
(7) Cooling velocity and surface per unit of volume 


~ a 
v= ‘ee x C, 


Values of the several constants were determined for a variety 0! 
conditions, but the most useful relation is given by formula (7. 
From it and the described experiments a ‘‘mass-effect’’ chart was 
prepared by which it is possible to determine the center cooling 
velocity, taken at 1330 degrees Fahr. (720 degrees Cent.) of any 
size of the simple shapes quenched from 1607 degrees Fahr. (879 
degrees Cent.) into any coolant, provided this velocity is know! 
for any other size of one of these shapes when quenched from 
the same temperature into the same coolant. Conversions may 
be made directly from the chart. 
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MASS EFFECTS IN QUENCHING G7 


The cooling velocity obtained when quenching any of the 
shapes in a given coolant from a definite temperature is a 
n of the exposed surface per unit of volume. When any 
es of the simple shapes have equal surfaces per unit of vol- 
me their respective center cooling velocities are equal. 


Bn. Effect of Quenching Temperature on the Center Cooling 
Velocity, Taken at 720 Degrees Cent. 


Increase in initial temperature when quenching into ordi 
nary oils and water at atmospheric temperatures increases the cen 
ter cooling velocity. The magnitude of the change is greater for 
equal temperature rise between 1330 and 1470 degrees Fahr. (720 
and 800 degrees Cent.) than above; likewise it is greater in the 
rapid than in slow coolants but the proportional change is, with- 
in the limits of experimental accuracy, the same for the oils as 


7. A ‘‘quenching temperature-conversion chart’’ was prepared 
by which the cooling velocity given by one quenching temperature 
ean be converted into that which would be obtained from any other 
temperature between 1330 and 1920 degrees Fahr. (720 and 1050 
legrees CORE C. General 

s. ‘The described relations apply to the simple shapes (spheres, 
rounds and plates when made of various carbon and some alloy 
steels) and will give values within about 5 per cent of those de- 
termined experimentally. They likewise hold for modifications 
which do not materially alter the surface per unit of volume of 
the basic shape which has been modified, but do not apply in those 
cases in which there is no geometrical center. 

/. Since the center cooling velocity, in quenching spheres, 
rounds and plates, is proportional to some power of the surface 
per unit of volume, depending upon the coolant used, these rela- 
tions are represented by a family of hyperbolic curves which, if pro- 
jected to large enough sizes, will cross. Actually the velocity can 
not exceed a certain value which appears to approximate that given 
by water irrespective of the coolant used. In such cases the rate 
at which heat is extracted from the center is a function of the 
thermal properties of the metal and is not affected by differences 
it the surface, which is small in comparison with the weight or vol- 
ume and far removed from the center of the mass. The hyperbolic 
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‘‘mass effect’’ curves for various coolants, therefore, appear 4, 
apply at all points until they cross the curve for water. 

10. Within the prescribed limits, the ‘‘mass effect’ ay¢ 
‘‘temperature conversion charts’’ prepared will give the center ego). 
ing velocity (taken at 720 degrees Cent. when any size of the Simple 
shapes is quenched from any temperature between 1330 and 199 
degrees Fahr. (720 and 1050 degrees Cent.) into the eustoman 
oils and aqueous solutions at atmospheric temperatures, provided 
only this velocity is known when quenching one size and shape 
from some temperature into the same coolant. The cooling velo; 
ty at 720 degrees Cent. was chosen as a basis of comparison, as 
it had previously been shown to be the best single factor which ea 
be taken from cooling curves to represent the hardening produce 
in carbon steels. 
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Discussion 


D. J. GRANGER: The author speaks of cooling by air, and in this respect 
does he mean cooling in the air in the normal temperature, or does he refer t 
cooling in an air blast. 

H. J. Frencu: All of the coolants which we have used are motionless 
coolants, at ordinary temperature. That means that the air is ordinary air, 
«us in this room. You realize, of course, that there are an unlimited variet) 
of coolants and when I say that, I do not only mean changes in composition, 
us, for example, from oil to water, but the degree of circulation and the ten 
perature of the bath and other well-known factors all of which influence thes 
rates of cooling. We had necessarily to limit ourselves in experiments of this 
type to some of the standard coolants in a known condition. We might just as 
well (and perhaps from some viewpoints, better) taken coolants in motioi, 
because there are certain undesirable effects, even experimentally, when using 
coolants without circulation; but it forms experimentally a convenient starting 
point, and those values with the important exponent ‘‘n’’ do not change 4s 
much with a change in the circulation, or slight changes in temperature, as the) 
do with change in the chemical composition. The air was motionless, at 0! 
nary temperatures. 

Haakon Sryri: Mr. French stated that the cooling rates were taken 4 
720 degrees Cent. in the center. Of course, we are much interested in the hard 
ness of the center, but I think most of us are also interested in the surfae 
hardness. May I ask Mr, French whether he has any experiments showing 
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tes of cooling at the surface or near the surface will cause complete 
» (martensitic). 

J. Frencu: In answer to your question, Mr. Styri, may I say that we 
vorking upon the temperature distribution during cooling, including 
temperature cooling curves at the surface, but we do not at this time 
y eurves for presentation. We realize the importance of that, as 

ontioned before, but I would like to call attention to the fact that Mr. 
has made some calculations from our data and some that he has him 

self. | | believe can compute from these data the cooling curves at the 
We are planning at the present time, and have actually in progress 

a of cooling at the surface and intermediate sections of various sizes 


' 
nds pes, 


Oral Discussion:—By E. J. Janitzky, Lllinois Steel Co., Chicago, Llinois. 


rutinizing the very clear compilation of results obtained by Messrs 

Mrench and Klopseh and reported in their paper: ‘‘ Initial Temperature and 

Mass Effects in Quenching,’’ 1 found that the curves follow very closely 

formula whieh I derived from observations on air-cooling and which find 
ings were published in the December, 1922, issue of TRANSACTIONS. 


temperature drop in cooling follows according to the formula: 


Te 


t ee 


5 eye 


perature drop for corresponding time t 
temperature from which body was cooled 
temperature of coolant 
| time elapsed until coolant temperature was reached 
exponent which varies according to coolant, mass and distance from 


center. 
" log (T° t°)T. log (T° T°.)t° 
solving, n , —— se 
log t log T. 


It is obvious that, in order to obtain ‘‘n’’, two experimental observa 


tions for temperature drop and their corresponding elapse of time must 
be obtained, t’® and t’ should be obtained before the influence of the trans 
formation range t® and t, which should be observed before the body reaches 





emperature of the coolant, as it is nearly impossible to ascertain that 


7 n4 | 
sig pol if 


e total time elapsed until body reaches coolant temperature can 
be ascertained by the formula: 
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log (T° — t’°)t°—log(T° — t’)t’ 
n = ——- ; _- 
log t’—- log t 


zg ‘*n’’ the exponent of the center curve and the total time re- 
wh the temperature of the coolant, one is aware that it is nec 
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essary to find the exponents for different distances from the cent; 
comparing Law’s (Iron and Steel Journal, 1918)—see Fig. 1—eurves 
face locations of an 18-inch water-quenched cube, the conclusion js 


16020 | —_ -— Dijon 
j C~ Genter 
500 | Al~ Midheteny 
(Se 3- Jerce ——t— 


that the surface exponent is the reciprocal of the center curve exponent, 
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Upon establishing the surface exponents for the different coolants, one 
having center and, preferably, the midway exponent obser- 
to determine mathematically the exponent for any distance 


will be able, by 
vation at hand, 
from the ¢ 


enter according to the formula given below: 


_ log(n — n”)n’ — log(n — n’)n” 
log d — log r 
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n, = exponent sought for any distance from center 


n exponent for center 

n’ = exponent for the surface 

n’= exponent preferably midway 
dl distance from center 


radius or thickness when in plate shape. 





iously, experimental confirmation of the suggestion made in regard 
ae lose approximation of temperature distribution would be another 


the yet dark question. The experiment presented by Mr. French and 












\Mr. Klopseh, though restricted to the center, would be a basis for solving 


he problem in question on account of its excellence and reliability. 
In congratulating the co-authors, I feel that, as members of the Bureau 
of Standards, they could produce from the splendid work they have devel 





oped, factors whieh would be of considerable value in the study of cooling 


problen 


Written Discussion:—By Norman B. Pilling, The International Nickel 
Company, Bayonne, N. J. 

‘he quantitative investigation of the mechanics of quenching is a diffi 

task, possibly best appreciated by those who have made the attempt. 
[he measurement of eooling velocities of the order of hundreds of degrees 
Centigrade per second in the interior of a small mass submerged in a liquid 


experimentally a hard thing to do, and is especially vulnerable to many 






oncealed errors likely to give grossly misleading results. An independent 
ck upon the experimental technique is, therefore, pertinent. In 1920 the 
riter made numerous cooling determinations of the type described by 







Messrs. French and Klopsech at the research laboratory of the Westinghous 
! lect itl 


d Manufacturing Co., and in searching through some of the data 
btained under conditions closely approximating those of the tests described, 

vratifying to find that independently conducted work has led to 
quantitative agreement in a particlar detail, and to some extent in the gen 







ions. The table following gives with such detail as is available 


mparative measurements of the cooling velocity experienced at the geo 
enter of a eylinder % inch diameter and 2 inches long. 










TABLE |] 









Size of Initial Cooling 
0 Material Cylinder, Coolant Quenching Velocity 
Inches Temp., °C at 720° © 











Degrees Cent 

per Second 
0.9 per cent O.5¥ 2 Water at 875 185 
carbon steel 20° Cent 





Nickel + 5 per 05x? Water at B30 175 
cent silicon 11° Cent. 















ithors have developed a relation generally inclusive of spheres, 
ind plates that cooling velocity at 720 degrees Cent. is directly 
| to a variable power ‘‘n’’ of the surface area per unit of mass. 


lhis nt 


it ‘‘n’’ has been found to be variable with the nature of the 
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a 
coolant but not with the shape of the quenched mass, and in gejory) ;, Fe 
be larger the more drastic the quenching action of the coolant. In sir +); ™ 
approached 1 and was less than 2 for the most drastic quench measur: 

The fact that ‘‘n’’ is greater than 1 signifies that under the particeyia: 
conditions of test the exposed surface becomes relatively less efficient 5 
transferring heat to the cooling medium as the ratio of surface niass 
decreases. The writer has found that in at least one eondition of +. tively a 
fast cooling this constant is consistently equal to unity, in which ease eo = 
ing velocity is not only a function of the surface per unit of mass but i ¥ 


directly proportional to it. The particular condition referred to js 4 
period of cooling in a vapor jacket which takes place as an initial sta 
quenching in rather warm aqueous solutions.’ The followimg table gives 4 
tails of size and surface area reckoned in several different ways, | 


with the cooling velocity constant ‘‘k’’ for a water bath temperature of : 
50 degrees Cent. This ‘‘k’’ is that in the equation: Pe 

log (T—T:) kt + (T. T:) : 
in which : 


T = axial temperature 

T. = initial quenching temperature 
T: = boiling point of quenching bath 
t = time. 


which has been found experimentally to hold for this stage of cooling. 


TABLE Il 











wa Cylin- 
a 3 fotal drical Ratio, Surface to Mass 
Cylinder Weigel Surface itis secirctingtaintel db aap eal 
Diameter oe (St) (Se) St Se ] 
Millimeters ones square square — Ww “D 
i centimeters eentimeters ii 
6.45 11.65 | 10.65 10.32 914 .888 155 077 
9.60 29.05 16.08 15.36 54 .529 104 Oo4 
12.72 52.95 21.62 20.35 .409 384 079 Vot 


19.07 120.02 33.35 30.50 .278 .254 .052 025 


It is closely related to cooling velocity, in fact, the cooling velocity at any 
temperature is the product of this constant by the temperature. The values 
of ‘‘n’’ in the French and Klopsch equation derived from these data ar 


Function of 


‘Transactions, American Institute of Mining and Metallurgical Engineers, Voi. ‘ 
(1920). Physical Review, 14-222 (1919). 
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e experimental case just cited the vapor jacket is thin, in violent 

and maintained by its very nature at the boiling point at its outer 

ll of which tend to establish a steep temperature gradient through 

ing its heat transmitting power. It is suggested that the constant 

y approach unity as a limit irrespective of the nature of the coolant 

agitation becomes great enough to prevent a local rise of tempera 

the contact with the cooling surface, and that in this sense it might 

dicator of the efficiency of a particular mode of quenching. It is 

‘e in this connection to recall the unusual effects produced by quench 

water jet of high velocity described before the American Society 

resting Materials in 1924.2 It is to be hoped that the authors will find 
rtunity to examine this phase of their subject. 

\ttention is ealled to Fig. 11, which differs in character from all the 


cooling curves reproduced by the authors in that the curves below 600 







rrees. Cent. fall well below an extrapolation of the earlier parts of the - 
ve In this it is suggestive of the type of cooling curve found in warm 
ter quenching, and since the authors have used it as a check on their 


tions, a more eritical analysis of it would seem in order. 
















Written Discussion:—By P. E. McKinney, U. 8. Naval Gun Faetory, 
Washington, D. C. 

(he authors of this very interesting paper bring out in graphie form 
nations of reactions well known to practical heat treatment men, but 
ppreciated in the light in which they are presented by the authors. 
ommercial heat treatment practice the operator has, from practical 


bservation of results obtained, adopted practices which take advantage of 







e cooling velocity of various quenching media by regulating temperature 


} 


ing and other conditions with a view to obaining cooling reac- 







tions which will do the least harm to the finished product. 

\ point probably not coming directly within the subject of the authors’ 
not touched upon, but of great importance to the steel treater, is 

effect of cooling velocity on mechanical stresses which are known to 

heat treated objects but in varying degrees, depending upon the 


ds of heat treatment used. It is more or less an accepted fact that 






res 


e of allowing quenched cbjects to cool below a temperature of 


OOS 


legrees Kahr. in the quenching bath, results in cracking of materials 
oe hi inclined to be brittle. From this fact that such cracking can be 









ree vercome by removing the work from the quenching bath before it 
: is me entirely cold, many observers assume that the damage is done 

& ooling below 500 degrees Fahr. It is believed that a careful 
bie sis of the phenomena of heat treatment will show that the removal of 
a work 1 the quenching bath at about 500 degrees Fahr. is a corrective 
ve overcome damage already done to the material rather than a 


measure, 





ly of the cooling curves presented by the authors and their appli 
known results obtained in heat treatment of various classes of 
ty ma te in different quenching media, tend to prove more or less con 







th, Proceedings, American Society for Testing Materials, 24, 618 (1924) 
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clusively that so-called quenching strains are directly related to the -yojiy, 
velocity just below the critical point of the material. Practical t, shiiesi 
men know that even the most brittle materials may be left in some 
ing baths until cold, with entire safety, whereas the same material is almoc 
certain to crack in so-called sharper baths regardless of the temperatyy 

of the bath. This is well proven in the case of quenching in mereury. 

Figures presented by the authors in Table II show a graduai decreag, . 
of difference in cooling velocity between water and oil with increase 
cross section. From practical observations, it is believed that this relation 
may in some instances be entirely reversed as we approach very heayy 
masses. It does not necessarily follow that reversal of cooling velocity wil 
reverse the relative hardening value of the quenching media as the fall j, 


ill a 


temperature through the critical range may be sufficiently rapid to maintaiy 


juene! 


in 


Sie ee 7 


its relative position as a hardening agent. The above theory is based oy i: 
observations made in quenching massive forgings or alloy steels known ¢ tg 
be tender under quenching treatment and susceptible to the production of 


quenching eracks. In the case of such forgings, laboratory data based oy 
small sections, indicates entirely different results from those obtained oy 
heavy sections which are under treatment. It has been noted that the actual 
results obtained when comparing comparative strengths obtained, the tendenc 
to cracking, ete., on similar material quenched in oil, water and emulsions, 
shows a wide disparity in the results obtained on the pieces of heavy and 
light section, the relative position of the three quenching media being in . 
some instances, such as with nickel steel, even reversed. 

Some of these differences may be due to variation in surface tension 
between the object quenched and the quenching media causing massive ol 
jects to behave differently than small pieces which are quickly cooled, 01 
to the fact that varying amounts of scale, which is necessarily present wit! 
very heavy sections introduce variables, but it is believed that investigation 
will indicate that the hardening power and quenching velocity below thy 
critical point do not change at the same ratio with increase in mass. 

It is believed that additional experiments to study these reactions cove 
ing forgings of great mass when treated in the various quenching reagents 
ranging from brine to oil, would furnish additional interesting and instru 
tive data. 7 


. 


Authors’ Closure . 
It is gratifying that the results presented in this report have bee os 


examined in such detail and the authors’ hope to be able to follow in 
future work some of those phases of the general problem touched upon by 
Messrs. Janitzky and MeKinney. 

The point raised by Mr. Pilling with respect to Fig. 11 is well taken. 
Because of the limited equipment available to the authors for quenching 
large masses, the sphere 1114 inches in diameter had to be immersed in 4 
limited volume of the coolant. Therefore, the time-temperature cooling 


curves in Fig. 11 represent cold water quenching in the upper temperature 

ranges and hot water quenching at the lower temperatures when the large 

mass of steel had heated the restricted volume of the coolant considerably 
Discussion Continued on Page 142 
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rTHE CHEMICAL COMPOSITION OF TOOL STEELS 
By J. P. 





GILL AND M. A. Frost 








Abstract 





































In this paper the authors have discussed in consid 
erable detail the chemical composition of various types 
of tool steels. The authors point out that while the 
chemical composition of a steel is basic, nevertheless the 
nature of the structure of the steel, as viewed under the 
microscope, is of much importance. 

This paper presents the chemical compositions of 


nany steels which have been analyzed by the authors and 
also presents the chemacal limits used by several manu- 
acturers of tool steel. 

The authors state that in their opinion any 


effort at this time toward the standardization of tool 
steel specifications by any buyer or orgamzation would 
he detrimental to the best wnterests of all. 


, | ‘IIE chemical composition of tool steel has not been, as far 
as the authors know, the subject of an address or a paper 
hefore this society. There has even been an apparent tendency 
to avoid a diseussion on this subject, due, probably, to the wide 
difference of opinion that exists regarding it. During the last 
several years, greater emphasis has been given to the structure 
of tool steels, rather than to their composition, and rightly so, 
since recent improvements in the quality of tool steels have been 
of structure and not composition. The importance of strue- 
ture cannot be over-emphasized, and we all well know that two 
pieces of tool steel may be of the same chemical composition, and 
one piece good, and the other bad; but if the chemical composi- 
tion is not right in the beginning, no matter what the final strue- 
ture, the steel can only serve poorly for the purpose intended. 
Chemical composition is basic, yet there is a wide variation 
between the analyses of the same type steels of different manu- 
facturers. There have been attempts made to standardize the 
chemical composition of tool steels, but this standardization has 
Bs gone no further than to draw up some very general specifica- 
tions for straight earbon and high speed steels. It is probably 


be A paper presented before the Cleveland Convention of the Society, Sep 
tember 14-18, 1925, Of the authors, J. P. Gill is metallurgist and M. A. Frost 
of s chief chemist Vanadium-Alloys Steel Co., Latrobe, Pa. 


ire 








: 


ere Se ol a 


TPE Bat 


76 TRANSACTIONS OF THE A. 8. 8. T. J 





well that this standardization has gone no further, in vie. 
the fact that the uses of tool steels seem to be limitless, and \ 
one analysis may serve best for one operation, a variation 


QO! 
lere 


irom 
this analysis may serve best for another operation. Also, it should 


be remembered that alloy and high speed tool steels are young. 
and that there is a great amount of experimental and _ researe) 
work being done by the tool steel manufacturers for the purpose 
of bettering their product. Experimental results are daily be. 
ing put into practice with the result of increasingly better too| 
steels. ‘To standardize tool steels today would have a tendenc 
to lessen experimental work, and would likely mean the standard- 
ization of a product which several years from now we would 
consider an inferior one. The best tool steel composition for a 
particular operation will evolve slowly, with the result that stand- 
ardization, to a certain extent, will take care of itself. Standardi- 
zation, by its nature, is opposed to change, and if earried to 
extremes might prove a serious impediment to progress. 

There are about 250 different brands of high speed, alloy 
and carbon tool steels used in this country which have a fairly 
wide application. There are, probably, from 300 to 600 additional 
brands that have a limited use. Excepting the carbon tool steels, 
there is a wide variation in composition between many of thiese 
different brands, representing the same general type and _ recom- 
mended for the same purposes. That such a variation as this ex 
ists is evidence of disagreement among the manufacturers and 
users as to what actually constitutes the most desirable compo- 
sition for the different types. Therefore, it is logical to expec! 
that many of you may disagree with some of the criticisms and 
comments the authors will make in regard to the chemical com 
position of some of the more common brands of tool steels. 
These remarks are based chiefly on personal observation and ex- 
perience, and their value is merely that of the opinion of the 
authors. 

The simplest type is a straight carbon tool steel and in 
Tables I and II are given the chemical composition of a number 
of steels of this type. In Table I are the specifications of sev- 
eral manufacturers, while in Table IT are the specifications of 2 
number of users. 


Note that in Table I the lowest silicon content is 0.10 pe 
cent and maximum is 0.35 per cent. Silicon is primarily added 
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as a deoxidizer. In high carbon steels it has an embrit- 
‘feet and lessens keenness of edge. This is not noticeable 


nall amounts and it is doubtful if any material differ- 














Table I 
Carbon Tool Steels 












No. Sj Mn Ss P Cr Ww Ni 

; 10/.25 .20/.30 .02 max.? a a -<setegve  ‘wiesebeec:  —whieamnes 
10/.80 .20/.35 .035 max. RO EE Oe eee eo ee ae 
15/.25 .20/.30 .02 max, .0O2 max, ED.) ein ie ee ee 
15/.80 .25/.40 .03 max. .03 max, SG oS. Aine icakon = ae 
20/.35 .10/.30 .03 max, 03 max, .O5 max. .05 max, .05 max 













fers that 00% of this element is desirable. 






ence could be noted between 0.10 per cent silicon and 0.30 per 
cent silicon, although at 0.40 per cent silicon we are undoubtedly 
approaching the point where these effects become noticeable. 

The lowest manganese content is 0.10 per cent and the high- 
est is 0.40. Although manganese in lower and medium carbon 
steels acts as a toughener, it has an embrittling effect on hard- 
ened In 


ing during hardening. A manganese content of 0.30 per cent 


eh earbon steels and also increases the danger of crack- 


should represent the maximum, since at 0.45 per cent it is defi- 
nitely detrimental. 







Sulphur and phosphorus vary from a maximum of 0.02 to 














: Table II 
fe Carbon Tool Steels 


tter ‘ Si Mn S P Cr Cu Ni 


\ I > max .20/,.50 04 max, .04 max. ine eh J, 6 Wes gag 
B 0 max .20/.40 .02 max, .02 max, eee, «eee  Cceeaeas 
“fh ( $0/.50 .20/.40 .O2 max. .02 max. a ee Pe 
5 LD 15/.25 .20/.35 .025 max. 025 max. s,s A elewes.as atte eae 
a I » max .385 max, .025 max. .02 max, . J. re .10 max, 
pee } | 9° 2 
oe I 10/.40 .40 max. .025 max, Cg a ee re ee es 
Bs 


(1.0359 per cent. It is indeed doubtful if any difference can be 
noted between 0.02 and 0.035 per cent with either sulphur or 


F phosphorus, but as either passes 0.035 per cent its effect becomes 
¥ more noticeable. We say it is best to have both these elements 
be as low as possible, yet there is little or no evidence why the 
i restrictions should be more drastic than a maximum of 0.03 per 


cent 
(*} 
O10) 










iromium and tungsten should be limited to a total of 
er cent in earbon tool steels for many purposes, as either 
element increases the depth of hardening. This effect, however, 








pores 
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is actually desirable in many cases and one user specifies fro) 
0.10 to 0.30 per cent chromium for one grade of carbon too) 
steel. The two elements should be held under 0.10 per cent ayq 
if a user wishes a greater depth of hardness than obtainable fro), 
a straight carbon tool steel, he should specify a light alloy stee] 

Only one manufacturer specifies a maximum of nickel and 
likewise, only one user, yet nickel is highly detrimental to ¢a,; 
bon tool steel—even in small amounts; and it is an element ¢h,) 
is today likely to be found in at least small amounts in jear\ 
all steel serap. A nickel content of 0.20 per cent has a notice. 
able detrimental effect on a hardened carbon tool steel by caus 
ing grain coarseness, which, in turn, imparts brittleness. [t js 
difficult to specify the exact amount above which nickel would 
be detrimental and below which it would be harmless, but abou 
0.10 per cent should be the maximum allowable. 

One user specifies a maximum of 0.05 per cent copper, very 
likely because he permits this grade to be made in an open hearth 
furnace. Copper has an embrittling effect (chiefly hot short 
ness) on carbon tool steels not noticeable in amounts as small 
as 0.05 per cent, as do many other elements not likely to be found 
in straight earbon steels. 

Several manufacturers make a carbon tool steel containing 
from 0.10 to 0.40 per cent vanadium, which is, without question, 
a better steel than the same steel without the vanadium. The 
vanadium acts as a toughener and has a noticeable effect upon 
grain refinement. 

In Tables III and IV are the so-called non-deforming. oi! 
hardening steels of the manganese type: 


Table II 
Non-Deforming, Oil Hardening Steels 

No. ( Mn Si Ss P Cr WwW 
1 85 1.15 .15 max. .025 max. .025 max. 55 o. 
2 86 1.45 .20 max. .025 max. .025 max. : 
3 .98 .90 .30 max. .025 max. .025 max. 15 
4 95 1.65 .33 max. .025 max. .025 max. co - 
5 .80 1.01 .34 max. .025 max. .025 max 40 40 
6 .90 1.50 .25 max. .025 max. .025 max. ee an 
7 95 1.10 .20 max. .025 max. .025 max, .50 .50 


The steels as made by seven different manufacturers are 
given in Table III. Two of these steels contain chromium and 
manganese as alloys; two manganese only; one contains man- 
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and vanadium; one chromium, tungsten and manganese; 

ne chromium, tungsten, vanadium and manganese. The sim- 

ff these, Nos. 2 and 4, the manganese-carbon, will harden 

hard in oil in large sections. Considerable breakage will re- 

n hardening. If the steel is only slightly overheated a coarse 
vyain results. It is the most undesirable of the group. Steel 
\o. 6 has all of the same characteristics except that the 0.25 per 
vanadium tends to prevent grain growth when overheated. 

No. 1 will show little or no breakage during hardening, and 


Table IV 
Non-Deforming, Oil Hardening Steels 





Si Mn S P Ww Cr V Ni 
.40 1.00/1.60 .038 max. .025 max. .60 max. .60 max. .18 max. .15 max.- 
.95/1.50 .025 max. .02 max. Op. Op. Op. 


withstand some overheating without grain growth, but it 


not harden file hard in oil in large sections due to its low 
vanese content without sufficient other alloys. Nos. 5 and 7 
‘epresent by far the two best types. Either of these will show 
minimum of breakage because of low manganese content, will 


l 


harden file hard in oil beeause of sufficient tungsten and chrom- 
and will withstand considerable overheating without grain 
th. Steel No. 7 will prove a little tougher than No. 5. So 
as the non-deforming characteristics of these steels are con- 
cerned, any one of them should prove satisfactory. 


is) 


In Table 1V are given two specifications of users of this 
type steel. Many steels would meet either of these chemical speci- 
itions which would be entirely unsatisfactory. 
in steels of this type manganese acts as the hardening ele- 
but with the manganese on the high side there results con- 
derable breakage. Therefore, the manganese is lowered and 
tungsten or chromium, or both, are added. A chromium con- 
ent of 0.50 per cent alone is insufficient to impart the necessary 
rdness with a manganese content of approximately 1.00 to 
0 per cent, and the same is true of 0.50 per cent tungsten. 
Tungsten is, however, a good hardener and it makes an excellent 
bination when present with chromium to aid its solution. A 
amount of vanadium seems to increase the toughness. 
\Imost all tool steel manufacturers now make a_ low- 
‘ten, high-carbon steel, which replaces in some instances 
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straight carbon steels; in other instances the manganese joy. 
deforming steels, and in many cases the old finishing steels whic} 
were so widely used for finishing cuts and brass turning. |) 
Table V are given several anlyses of this type steel as made } 
different manufacturers. 


This class of steels should not be confused with the steel 
of similar carbon analyses having a carbon content of about (50 


Table V 
High-Carbon, Low-Tungsten Finishing Steels 


Z 
° 
~ 


Si Mn Ss P Ww 





ri Cr \ 
1 1.12 .40 .25 .025 max. .025 max. 1.40 .50 20 
2 1.20 .20 35 .025 max, .025 max. 1.65 .50 95 
3 1.00 19 .26 .025 max. .025 max. 1.50 ies 12 
4 1.00 14 12 .025 max. .025 max. .60 xa 
5 1.23 .20 .20 .025 max. .025 max. 2.68 .62 
6 1.25 .20 25 .025 max, .025 max. 1.35 2 18 
7 1.10 21 .26 .025 max. .025 max. 1.05 . 
8 1.10 .20 23 .025 max, .025 max. 2.25 — 
9 1.15 .30 .20 .025 max. 025 max 1.60 42 





per cent which is a punch and chisel steel or with steels having 
a slightly higher carbon content, with from 2.00 to 5.00 per cent 
tungsten and used almost exclusively for drawing dies. 

An unusual variation exists in this class of steels. Three 
of these steels, numbers 4, 7 and 8, are tungsten-carbon and the 
tungsten is only 0.60 per cent in number 4. These three steels 
would be water hardening and we have found that the harden- 
ing is erratic in steels of this type containing tungsten only, nor 
ean they be hardened as hard as the same steels containing a 
small amount of chromium. Steel number 3 contains tungsten 
and vanadium and has the same characteristics as the straight 
tungsten except it is slightly tougher. Five of these steels con- 
tain chromium and tungsten and four of these five contain vana- 
dium. Tungsten is more soluble in steel containing chromium 
than when the chromium is not present; therefore, in these five 
steels hardening is uniform and they can also be hardened in oil 
as well as water. When hardened in oil they are non-deforming. 
These five steels will harden to a greater degree of hardness than 
the straight tungsten steels. The addition of vanadium tends to 
prevent segregation and promotes uniformity. As to the tungsten 
content, from 1.40 to 1.70 per cent seems to be sufficient to give 
the necessary hardness without undue brittleness. A chromium 
content of 0.50 per cent also seems sufficient to impart to the 
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he ability to readily and completely dissolve the tungsten. 
\ hicher chromium content causes unnecessary brittleness. The 
hoct carbon eontent seems to be about 1.15 per cent and it may 
noted that this represents the average carbon content of the 
nine steels. 

Steels of this type will withstand more wear or abrasion than 
tpaight earbon steels; they impart a very smooth finishing cut 






> east iron. steel or brass and are non-deforming when oil hard- 
ened. in which ease they are less brittle than the manganese non- 








deforming steel. 

The chemical specification for this type steel is given of one 
user only in Table VI. His specification is poor, as it represents 
steels numbers 3 and 7. 
The three types of steel so far discussed are all basically ecut- 









Table VI 
High-Carbon, Low-Tungsten Finishing Steels 


( Si Mn S P Ww Or Ni 
\ 1.1 ,5 max .30 max. .025 max. .025 max. 1.25 .20 .10 
















ting steels and are used almost wholly in operations involving 

the cutting and shaping of cold metals. The next group are, as 

i whole, used for a totally different purpose; that of cutting and 
Table VII 

Hot Working Die Steels 
















N ( Si Mn Ss P Ww Or V Ni 
\ 20 .20 .025 max .625 max. 11.00 1.50 te 
\ 30 .20 .025 max. .025 max. 9.50 3.30 .40 
\ 30 .20 .025 max. .025 max. 10.50 3.25 .50 





£5 40 .025 max. .025 max. 3.75 

ae B ' 20 40 .025 max. .025 max. <dieeile 3.25 

: 3 20 34 .025 max .025 max. “owt 4.10 
25 max. .025 max. 3 














30 .025 max .025 max. 2.25 1.24 .26 

24 .60 .025 max. .025 max. wa 1.00 30 : 

22 .B5 .025 max. .025 max. 1.61 .75 y : 

U4 10 53 .025 max. .025 max. 1.05 ; 59 
ee ‘ 18 .22 .025 max. .025 max. 1.02 1.80 : 
Be unt 1.13 26 .025 max. .025 max. 1.25 .90 - 
a 30 .20 .025 max. .025 max. 2.00 1.65 35 










= Shaping hot metals. This group, which is termed hot-working 
® le stecls, divides itself into three general types. Each type 
| as characteristics so different from the others that in most cases 


‘vy cannot be used interchangeably. 








a TRANSACTIONS OF THE A. 8. 8. T. 


ahua 


In Table No. VII these three types are iisted as A, B and ¢ 

Type ‘‘A,”’ the low-carbon high-alloy type, sometimes calle 
a semi-high speed steel, is, of course, oil or air hardening. |; 
cannot be hardened file hard in regular heat treating practi« 
[t will withstand the highest heat of the three types withoy 
failure, and also shows the best wearing qualities. It wil] yo 
withstand a great amount of shock and cannot be cooled in Opera 
tion with a stream of water without considerable breakave, }; 
is best adapted for hot-forming dies, hot-pressing dies, hot-blay\. 
ing dies, nut piereers and hot shears. This type of steel has mad 
excellent records for hot-heading dies, but will prove inferior fo, 
this work to type ‘‘C,’’ due to breakage. It has, likewise, giyey 
excellent results in individual instances for gripper dies but avaiy 
because of breakage it is inferior to type ‘‘B’’ for this clas 
of tools. 

Of the three type ‘‘A’’ analyses given, numbers 2 and 3} are 
practically the same, excepting that number 2 is about 1 per cen 
lower in tungsten. Number 1 has only 1.50 per cent chromium, 
compared with 3.25 per cent in numbers 2 and 3. This is no 
desirable, due to the fact that there is insufficient chromium pres 
ent to permit an easy solubility of the tungsten. Number 1 stee! 
is also about ten points too high in carbon to give the best results. 

Type ‘‘B”’ is the high carbon-chromium type, so widely used 
for gripper dies in bolt and rivet plants. This type of steel is 
usually hardened by cooling in air, although oil quenching is, a 
times, used. Several steel mills furnish this steel in bar lenytli, 
hardened, ready for use. It will withstand water cooling when 
in operation much better than type ‘‘A’’ and will also withistani 
a heavier shock. It serves splendidly for heading round-heade( 
rivets or bolts, but will not withstand the shock resulting from 
heading square head bolts as well as type ‘‘C.’’ There is little 
choice between the four analyses given, except that number * 
will not harden quite so readily in air as the other three steels 
yet, on the other hand, it can be more safely quenched in 0 


without difficulty from breakage. 


The steels listed under type ‘‘C”’ are of the low-carbon, low- 
alloy type, and although used for hot working, actually have a mucl 
wider usage in other fields. Steels of this type are usually hard 
ened by quenching in oil. They are very tough and will with- 
stand a heavy shock without breakage. They can be safely wate? 
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1 use. In the hot working field they are used for heading 
head bolts and for special forging dies. Steels of type 
ire used with probably better all around results than any 
other type for chisels, punches, heading tools sand rivet. sets. 
Numbers 1 and 7 represent the best combination of elements, 
with sufficient tungsten and chromium to impart hardness and 
wear and with a 0.25 per cent vanadium content to add tough- 
ness and fatigue resistance. Number 2 is too low in alloys to 
vive sufficient hardness. Number 3 is too high in carbon to 
have the highest degree of toughness. Number 4 is an unusual 
analysis beeause of the nickel. Although it performs well, it is 
inferior to the tungsten-chromium type. Number 6, which con- 
tains 1.13 per eent silicon, is comparable to numbers 1 and 7, 
hut does not appear to be quite as tough. 
The six general types of earbon and light alloy steels which 


have been briefly diseussed are in general usage and have many 


applications. There are so many other types that have a more 
or less limited application or are used as substitutes for some of 
the types discussed that they cannot, in this short talk, be touched 
upon even briefly, such as finishing steels, low-tungsten steels, 
low-chromium steels, echromium-vanadium steels, magnet steels, 
valve steels, stainless and non-corrosive steels, and special die 


\pparently as the application or use of a steel becomes more 


ited, there is an imereasing variation in chemical composition 


ween the steels of that type as made by different manufactur 
To illustrate, Table No. VIII has been compiled of the high 
high-chromium type steel, which is widely used for cold 


Table VIII 
High-Carbon, High-Chromium Steels 


Mn Ss Pp Ww Or \ 
25 oe » en aoe 11.00 
65 005 024 9.08 1.43 
52 O11 .028 din 13.76 
18 008 .0389 ees 10.40 
49 018 018 oe 12.78 
33 og és 19.40 

020 13.38 Py 
; ; waa ‘ 14.80 50 
14 027 O11 ; 12.29 1.16 


drawing dies. All of the steels shown in this table are used and 


tured in this country today. 
other class of steels remains to be discussed, that of high 


many; 
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speed steel. This type of steel, because of its high alloy contey; 
and the large number of alloys that may enter into its mo ce-up, 
permits the widest variation in chemical composition; yet oye, 
95 per cent of all high speed steel used in this country is of ¢), 
three general types shown in Table No. IX, and of this over 9 
per cent is of the 18 per cent tungsten, 4 per cent chromium. | 
per cent vanadium type. In Table X are given a number of high 
speed steel analyses which do not fall into the three genera! ¢lagsos 
shown in Table No. IX. 


Table IX 





High Speed Steels 

Steel Cc Si Mn Ss P Ww Cr V Mo Co 
NO, 

A-1 .60/.75 .30 .25 .025 max. .025 max. 18.50 4.00 85 

A-2 .60/.75 .30 .25 .025 max. .025 max, 18.25 4.00 1.00 

A-3 .60/.75 .20 .05 .025 max. .025 max. 17.00 3.20 .70 

A-4 .60/.75 .20 25 .025 max. .025 max. 18.00 4.20 .60 

A-5 .60/.75 .20 .25 .025 max. .025 max, 17.76 4.00 1.05 alsa 

A-6 .60/.75 .20 .25 .025 max. .025 max. 20.25 4.25 1.48 .b0 

A-7 .60/.75 .20 .25 .025 max. .025 max. 18.00 3.15 .85 24 

A-8 .60/.75 .20 .25 .025 max. .025 max. 21.00 4.00 1.10 

A-9 .60/.75 .20 .25 .025 max. .025 max. 18.00 4.00 1.00 

B-1 .60/.75 .25 .25 .025 max. .025 max, 13.50 4.00 1.65 

B-2 .60/.75 25 .25 .025 max. .025 max. 13.75 4.50 1.40 

B-3 .60/.75 25 .25 .025 max, .025 max. 14.00 4.25 2.05 

C-1 .60/.75 25 25 .025 max. .025 max. 17.50 4.00 1.00 

C-2 .60/.75 25 25 .025 max. .025 mex. 17.50 4.00 1.00 Pane 4.51 
C-3 .60/.75 25 .25 .025 max. .025 max. 17.50 4.00 1.00 15 $.5/ 
C-4 .60/.75 25 25 .025 max. .025 max. 16.00 2.75 .90 1.00 +01 


i} 








| 








In both Tables Nos. IX and X, the range of carbon content 
is listed as the same for all the different steels, since nearly all 
manufacturers make up their high speed steels purposely with 
a number of different carbon contents. A certain range of car- 
bons, usually not varying more than three or four points, are 
grouped together much in the same manner as carbon too! steels 
are classified according to carbon content. For example, steels 
with a carbon content from 0.60 to 0.64 per cent would likely 
be used for chasers and certain classes of blanking dies, from 
0.65 to 0.70 per cent carbon for the general run of high speed 
steel tools, such as milling cutters, drills, reamers, taps, ete., while 
from 0.70 to 0.75 per cent carbon for lathe and shaper tools, bor- 
ing tools, tool bits, ete. The steels with the carbon on the low 
side are noticeably tougher than with carbon on the high side. 
Also, the lower carbon steels cannot be hardened as hard as thie 
higher carbon. The carbon content in high speed steel is of the 
utmost importance and often represents the difference between 
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| poor performance. The silicon content is usually around 


195 to 0.30 per cent and there are no detrimental effects notice- 


at 0.40 per cent. Above this the opinion is that it will 
small amount of brittleness. ‘The manganese is also usu- 


Table X 
High Speed Steels 


Co Mo Ur 


\ Si Mn Ss P Ww Cr \ 
95 25 025 max. .025 max. 13.00 3.75 3D 
5 25 .025 max. .025 max, 13.00 3.75 1.00 
25 25 .025 max. .025 max. 18.00 4.00 1.75 Fas 
{ 5 25 .025 max. .025 max. 18.00 4.00 1.75 ses 60 
95 25 .025 max. .025 max. 14.00 2.75 .80 3.50 .90 
5 20 4.25 1.50 i aiuns 15 


.025 max. .025 max, 14.00 
ily from 0.25 to 0.30 per cent. Over 0.40 per cent there may 
result brittleness. One manufacturer makes a high speed steel 
with a manganese content under 0.10 per cent. This offers no 
apparent advantage. 

In discussing the tungsten, chromium and vanadium con- 
tents, it is assumed that in discussing the variation of one of the 
elements that the others are average and constant for that type 
steel. 

A tungsten content of 18.00 per cent for type ‘‘A’”’ is what 
most manufacturers desire. This amount has been determined 
by the observation of many different manufacturers over a period 
of years. Going above 18.00 per cent tungsten may offer some 
slight advantage in wearing qualities which is more than offset 
by increased brittleness. Going below 18.00 per cent lessens the 
cutting and wearing ability of the steel, although there is some 
slight Increase in toughness. 18.00 per cent then seems to offer 
the best balance between toughness and wearing ability. As to 
the chromium content, about 4.00 per cent imparts sufficient hard- 
ness both directly and in permitting a greater solubility of the 
tungsten. Going below 4.00 per cent the steel is less hard so that 
at 5.00 per cent there is a very noticeable difference. Going above 
+00 per cent causes brittleness which becomes very noticeable at 
about 5.00 per eent. As to vanadium content, the majority of 


the manufacturers seem to agree that it is best to work to about 
1.00 per cent, but as vanadium is worth some $3.50 per pound 
there j tendency to shade this amount and actually add about 
USO) r) 


per cent. 1.00 per cent vanadium is better than 0.60 or 0.70 
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per cent, therefore, the question :—is not 1.50 per cent better than 
1.00 per cent? There is indication that it is, but for each , 
points of vanadium added above 1.00 per cent much less jy. 
creased efficiency results than from each ten points below 1.(0 per 
cent; so that going above 1.00 per cent does not increase j}y 
efficiency enough to justify the increased cost. 

The other elements that are sometimes found in small a:ouy), 
in type ‘‘A’”’ steels are molybdenum and uranium. Molybdeny 
was first used in some of the old self-hardening steels. [t }: 
about the same effect as tungsten except that molybdenum 
from two to two and a half times as potent. About 8 per cen 
molybdenum will, therefore, impart about the same properties 
to high speed steel as 18 per cent tungsten, except that th 
molybdenum steel will be tougher. Molybdenum cannot, hoy 
ever, be used in amounts much in excess of 1.00 per cent with. 
out causing a surface softness, and this characteristic has pre. 
vented its more general use, especially in larger amounts. Urap- 
ium seems to offer no advantages in small amounts and if even 
as little as 0.30 per cent did give some beneficial results, they 
would be more than offset by the increased dirtiness of the steel 
resulting from the heavy uranium oxides which remain suspended 
in the steel and weaken its structure. Therefore, Steel No. | 
would be objectionable because of uranium; Steel No. 2 because 
it is low in both carbon and vanadium; No. 4 because it is low 
in vanadium; No. 6 because it is high in tungsten; No. 7 because 
it is low in chromium; No. 8 because it is high in tungsten; 
while Nos. 5 and 9 represent the best of the group. 

The type of high speed steels designated as type “‘B’’ are 
the so-called low tungsten-high vanadium type, and show little 
variation except in vanadium. If this type of steel is to compar 
favorably with the 18-4-1 type, the vanadium content should be 
above 1.60 per cent. In one of these, Steel No. 2, the vanadium 
is only 1.40 per cent. As to the relative merits between the 15.\ 
per cent tungsten, 4.00 per cent chromium, 1.00 per cent van 


en 


dium type, and 14.00 per cent tungsten, 4.00 per cent chromium, 


2.00 per cent vanadium type, there is considerable difference 0! 
opinion. The lower tungsten type can be hardened from a lower 
temperature, but can be more readily overheated. It is more 
sensitive to heat treatment. Although the 14-4-2 type has been 


on the market for some years and is made by a number of dil- 
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manufaeturers, it has made little inroad into replacing the 
type. 

e cobalt high speed steels designated as type ‘‘C,’’ as made 
. several manufacturers, contain from 3.00 to 5.00 per cent 
and may contain about 1.00 per cent molybdenum and in 
‘eel both molybdenum and uranium. ‘The other elements 
ie the same, 4.50 per cent cobalt is better than 3.00 per cent, 
hut as the cobalt content inereases above 5.00 per cent the steel 
will harden less, so that at some 6.00 or 7.00 per cent cobalt, the 
teel fails to respond fully to heat treatment. Cobalt seems to 
‘nerease the temperature at which failure of the cutting edge 
place and also gives better wearing qualities. It slight 
ly increases the brittleness of the steel. Cobalt causes the steel 
to harden with a soft skin which must be removed before using. 
Reeause of this charaeteristic the steel has been limited in its 
ise to such tools, as lathe, planer, shaper, cut-off and boring 
wis, which ean be ground after hardening. This type steel has 
proven its worth where it can be used. The addition of small 
amounts of molybdenum inereases its wearing quality. Steel 
Number 3 would, then, be better than Nos. 1 or 2, while Steel 

Number 4 is too low in chromium and has uranium. 
Table X shows types of high speed steel that have special 
applications or are of unusual type. Steel No. 1 is used chiefly as 
valve steel and has a limited use for such tools as reamers. 
| No. 2 is used for taps and reamers, particularly for taps, 
ince it can be hardened from a lower temperature than an 18-4-1 
steel, thereby lessening the tendency to burn or warp the threads. 
Steel No. 3 is an English steel and Steel No. 4 an American, both 
made on the basis that if 1.00 per cent vanadium is good for high 
speed steel 1.75 per cent is better. Steels No. 5 and 6 are quite 
unusual types in that Steel No. 5 is a low tungsten cobalt steel 
and that Steel No. 6 is a high vanadium-uranium steel. Neither 


of these types offers any advantages and either is inferior to 


the comparable type of the three general types discussed. 


ill amounts of arsenic, antimony, tin and copper are like 
ly to be found in high speed steels in varying amounts, as these 
elements contaminate nearly all foreign tungsten ores. These 
elements, more particularly arsenic and antimony, cause both hot 
and cold shortness and are often times the cause of unusual brit- 
tleness in high speed steels. The summation of the arsenic, anti- 
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mony and tin should not exceed about 0.10 per cent, even 


though 

it might be difficult to prove that a slightly higher amouy than 
this is detrimental. 

In conclusion, we must say that any effort at this tin: toward 


the standardization of tool steel specifications by any | 
organization is detrimental to the best interests of all.  Becayy 
of the wide range in composition; the satisfactory substitutio 
of one alloy for another; the detrimental effects of small amount 
of many elements; the inclusion of oxides and dirt: and th 
effects of grain size and structure, no purchaser ean dray uy 
a specification that would meet commercial practice that wou) 
fully protect him from obtaining an undesirable tool steel. The 
purchaser’s best protection is the brand name, as it is the quality 
mark of the manufacturer. The deserved reputation of a brand 
is highly prized by the maker and he will in no way jeopardize 
that reputation by selling an inferior product under that brand 
name. 


MULY er or 


No industry, to our knowledge, has been more free in the 
employment of technicai skill than the tool steel manufacturers. 
yet the making of tool steel is still an art, and this is as true to 
day as it was in the time not long ago when the secrets of the 
trade were handed down from father to son. 

Since the organization of the American Society for Stee! 
Treating, the technical men of the tool steel mills have coope 
ated with the technical and practical men representing the users 
to accomplish the purpose set forth in our Society’s constitution. 
which is, to secure cooperation between the practical steel treater 
and the metallurgist, so that they may understand each other 
and each benefit thereby to the end that the truth be brought to 
light. 

Without regard to copyright, we will end by saying that ‘‘the 
chief ingredient in tool steel is the honesty and integrity of th 
maker.’’ 

Written Discussion:—By B. H. Delong, Carpenter Steel Co., Reading, I’: 


] 


The writer has read with a great deal of interest the paper entitl 


‘*The Chemical Composition of Tool Steels’’ by J. P. Gill and M. A. Frost, 


and wishes to congratulate the authors on the very clear and thoroug! 
manner with which this subject has been presented. 


The fact that there are at present in use, according to the authors: 
statement, from 550 to 850 brands of carbon and alloy tool steels, «ll 0! 


which have special application, indicate the difficulty of standardization ©! 
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of analysis alone. This feature is the result of two factors as 


Variation in Methods of Manufacture of Steel.—Each individual 
nufacturer has developed through experience, details in processes of 
re which are characteristic of his product alone. ‘These details 
nounced factor in giving individual properties to the steel brands 
of analysis; and, as a result, it is common experience to have 
the same analysis, but produced by different manufacturers, vary 
in machinability, proper treatment for certain applications, and 
ency. This is an excellent reason for the users to adhere to one 
steel when it has been found that this particular brand gives 
ry service under a given set of conditions of shop practice. This 
mean that other analyses of steel or the same analysis made by 
nt manufacturer may not prove satisfactory or superior with slightly 
anges in tool manufacture or use. It is well, however, for the 
ro slowly in making changes of brand, and not to assume that all 
f the same analysis will give equally satisfactory service without 

n shop practice, 
Variation in Service Requirements of Tools Performing the Same 
IWork.—In the same manner as each steel maker develops. slight 
es in methods of manufacture that have a pronounced effect on the 
he makers and users of tools will develop peculiarities which have 
wed effect upon the service of the tools, and which make it pat 
difficult to recommend an analysis or grade of steel which can be 
pended upon to give the best performance when first introduced. An 
tstanding example is the use of tool steels in the manufacture of dies for 
d heading and upsetting. Some of the factors which influence the service 
of this character to a marked degree are the depth of impression 
dies, the shape of the impression, the speed at which the upsetting 
complished, the hardness of the stock being upset, the method of manu 
I f the dies, ete. Many of the factors are so important as to require 
se of totally different grades of steel, and steels of radically different 


lyses for the same type of work. These variations are receivil constant 


on by the steel maker and by the tool user, but they are so numerous 


iu 
iv 


the only satisfactory method known to the writer to secure the best 
is for each user to try the steels out, and vary the type used, and 
same time, the methods of heat treatment and design until the desired 
are secured, This naturally calls for close cooperation between the 
ker and the steel user, and this cooperation, which has been greatly 
by our Society, is very much worth while. 

summarize the ahove two points, the writer would advise that the 

thod by which absolutely the best performance upon tools for indi 


ork can be expected is hy close cooperation between the steel maker 


steel consumer, and the use of cut and try methods until proper 


attained. This work should not be handicapped by limitations 
imposed by the user of the steel for frequently radical changes 
s have been known to show most gratifying results. The writer 


much pleased to note the increased number of opportunities for 
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cooperation of this character, and while, perhaps, it does not tend } 
standardization of steels according to analysis, it does, without 
tend toward the securing of better tool life and performance, ani 
decreased cost of production on the part of the user of the steel. 

With reference to the authors’ remarks in reference to the co) 
of steels, the writer has two thoughts in mind which may prove of 
These are as follows: 

(1) Swhphur and Phosphorus in Carbon Tool Steels.—While it 
the writer’s observation that the presence of these two harmful in, 
in percentages over 0.02 and 0.03 per cent does not have in itselt 
mental effect upon the performance of steels, it is, nevertheless, his 
tion that the amount of these ingredients present is a measure of the 
of the raw materials used in the steel manufacture, and also of {) 
used in the melting operation, both of which are of utmost importance. . 
this reason, the writer believes that in all high grade carbon tool steels { 
phosphorus and sulphur should be kept to the lowest commercial limits. |; 
is not at all difficult to produce this material in quantity having a maximny 
of 0.02 per cent phosphorus and sulphur. The writer is, of course, referring 
only to carbon steels of the best tool steel quality, and not to the class o| 


carbon stecls in which the use of inferior grades of serap and rapid | 
duetion methods are essential in order to keep the selling price at the lowes! 
possible figure. 
(2) Non-Deforming Oil Hardening Steels—These steels, as dese: 
by the authors, are used fundamentally for two reasons as follows: 
(a) Tools which will not permit of finished grinding ean de machine 
to size and hardened with practically no distortion or change of shape. 
(b) Complicated shaped tools can be successfully hardened ir oil wit 
out danger of breakage. 
The company with which the writer is associated has manufactured fo P 
some twenty years a steel of the approximate analysis shown in Table 
number four. In coritradiction to the authors’ statements, no trouble lias 


been experienced with steel of this analysis due to breakage in hardening ee 


Steel of this analysis as made by the company referred to is believed superi 
to others of the same class for the following reasons: 

(1) It is readily annealed so as to be cleanly and freely machinabl 4 

(2) It is hardened in oil from approximately the same temperatur 
as that used in water hardening straight carbon steels sometimes used fo! 
similar purposes. 

(3) It will hold its shape, especially in heavy sections, very accuratel) 
during the hardening and drawing operations. 

(4) The amount of change of shape in all non-deforming sive! © 
vitally affected by the hardening temperature, and it so happens in steel 0! 
the analysis of number four that the proper quenching temperature for ma 
imum hardness and grain refinement is also that which produces the greates! 
freedom from distortion. 

When properly manufactured, steel of this analysis is, to the writer’ 
helief, the most satisfactory of any of the analyses given in Table 3 inst: 
of the most undesirahle of the class as stated by the authors. 
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written Discussion:—By A. H. Kingsbury, Crucible Steel Company 
\ ea. Harrison, N. J. 
uthors have dealt with a subject which has a peculiar fascination 
metallurgist, particularly one who is directly connected with the 
of steel. As one who has been closely connected with the 
n, application and heat treatment of tool steels for the past twenty 
the writer feels that some of the remarks m this paper are open 
tive criticism, 
iewing the interesting article, there are what appear to be several 
importance which, on the basis of my own and others’ experiences, 
be accepted as facts until they are supported by conerete proof. 
uthors’ statement in regard to silicon—‘‘in high carbon steels it 
mbrittling effect and lessens the keenness of edge’’; they state 
cent silicon as the place at which ‘‘we are undoubtedly approaching 
where these effects become noticeable.’’ 
nany vears at least two well known brands of tool steel, which 
licon in amounts exceeding 0.40 per cent, have been successfully 
tools where strong cutting edges are essential. 
Gill and Frost place the maximum manganese in high carbon 
s at 0.30 per cent. The fact that several well established brands 
eels, which have been found to be generally applicable, exceed this 
nanganese, indicate that 0.30 per cent manganese does not represent 
<imum, 
writer partially agrees with the authors in their remarks regarding 
ental effeet of nickel in appreciable quantities to tool steel. How 
the basis of his own personal observations, cannot agree with them 
its effect is to coarsen the fracture of the steel. The addition of 
‘arbon steel base lowers its critical, and this fact should be taken 
leration. Thus, if nickel is present in appreciable quantities and 
of lowering the hardening range in accordance with the percentage 


not observed, the result will be a coarse grained fracture from 


illy econdueted experiments with a series of tool steels containing 
mounts of nickel up to 1.25 per cent with about 1.00 per cent 
is shown an extremely fine grained fracture on hardening, but to 


it was necessary to quench from lower temperatures than normal 


n which this clement was not present in quantities above 0.30 per 
faet the steel containing about 1.25 per cent nickel hardened very 
| inch square sections at a quench of 1300 degrees Fahr., or about 


helow the normal for the same section and composition, without 


'| pieces gave normal hardness readings. It was found, however, 
ise of steels containing nickel over about 0.30 per cent that this 
ted to lower the softening or breaking down point on reheating or 
This characteristic, along with the possibility of others not dis- 
explains the disadvantage of nickel in tool steel. 
thors designate the specification for low tungsten steel in Table 6 
one, as it represents steels Nos. 3 and 7 in Table 5. While I 


l me 
drawit 


voy ere 


ar with the specifications of a number of large consumers of this 
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type, 1 do not recognize this specification among them. This spevificas;, rs 
calls for 0.20 per cent chromium which, as no range is given, likely resent Ee 
the minimum of the acceptable range to this particular consume: 
basis of personal acquaintance with steels of this type in producti 
cation, heat treatment, ete., for over a long period, I cannot 


On + & EVD It see 
appli *& a fyunetion oO 
Consistent BS 
agree that this specification from a practical point of view is compara) . 
with a steel which does not contain chromium. It is believed that the eg ES 


> elects ES from Ui ed 


of 0.20 per cent chromium addition to a simple carbon steel are very ¢ 
However, comparisons with and without the addition of chromium to 4 |p, 3 On the 
tungsten base, seem to indicate quite clearly that the addition of , 


Llolt B.. ol strength 


> 


Ven ¢s BS eTense, itt f 
small an amount as 0.20 per cent has a much greater effect than wi Bice Very © 
suspect. aa 


The multitude of complicated variables presented in the modern }j : natural har 
speed steels, if one is to judge from the number of publications , 


yn ft a to the three 
subject, has a great fascination for the constructive or 


analytical mi 7 

A review of practically the entire bibliography of high speed steel will, ms «slightly emt 
. , ; : ge Bi 

my judgment and experience is a criterion, supply an enormous ‘‘ kick’? + = 


\ 


~~ 


the fascination. Careful and thorough consideration of available py! 


tions on the subject of high speed steels as well as personal observations 
have convinced me that complications presented by these alloys necessitat, m of earbon 
proceeding with great caution before drawing definite conclusions as | 


18 4 steels cont 
which one or which set of variables may be the influencing factor 





n Ba satisfactor 
planation of the reactions which characterize these types of steel. Tayi = lower silie 
in his monumental report, based on years of concentrated study and 
issues a2 warning as to the danger of drawing definite conclusions until 
variable but the one to be determined has been eliminated. 
In adding another element, such as cobalt, to the standard high 

steel mix the complications are multiplied. My connection with an organi 
zation which has produced a cobalt steel for the past twelve years has sy 


work e not state 1 
every : per eent | 


of silicon, 


these effec 


when thes 


plied data resulting from a number of thorough investigations of such st Likew 
The following comments necessarily relate to Rex AAA and may, therefor Mr. Kings 
not be applicable to other compositions. ments reg 

The authors’ remarks, that cobalt seems to increase the temperat should be 
at which the cutting edge fails, is interpreted to mean that it increases opinion tl 
degree of ‘‘red hardness.’’ Comparison of the manner in which a cobalt manganes 
and non-cobalt tool gutter and fail under as nearly duplicated conditions ing amou 
as possible, seem to effectually contradict this statement. These remarks what of a 


are not predicated on the results of one observation, but on many duplic: 
tions. Another observation which appears to strongly support my hypothesis 
is a comparison between the ratio dry versus lubricated cutting with bot! 
cobalt and non-cobalt steel. 


we stated 


that it a 


Satisfactory form-tools, in considerable quantities, in various sizes 
shapes, have been successfully made from steel containing over 4.00 per cen! 
cobalt. This contradicts the popular conception that cobalt steels necessaril) 





harden with a soft skin. I have personally seen % inch square samples 0! —— 
cobalt steel, repeatedly bardened from the open fire, come out file hard © a —_ 

. . iy enron ? 
the surface, and the surface after removing the hardening scale by pick! 


= Dut 
show Rockwell C hardnesses of 63 to 65, 
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rtain classes of work the fact seems to be quite firmly estab- 
cobalt tocls have much greater durability than the 18, 4 and 1 
seems quite safe to state that the relative durability of a tool is 
of (a) its red hardness, (b) natural or abrasion resisting hard 
«) its ‘‘eohesive strength.’’ Note the latter is used to define 
tance of the steel to the breaking or tearing away of small particles 
edge and is not to be confused with ‘‘maximum fiber strength’’ 

th in the aggregate. 
Oy the basis of lengthy research, it appears that cobalt does not in 
facet probably decreases to an extent the degree of red hardness. 
Very careful observations both in the laboratory and in actual work 
ite conclusively to the fact that cobalt does not permit of greater 
4 hardness. Therefore, unless there is some other factor in addition 
ree mentioned which affects the durability of the tool, it appears 
alt has a decided toughening effect, rather than a tendency to 


embrittle, as stated by Messrs. Gill and Frost. 


Authors’ Reply 
regard to Mr. Kingsbury’s statement concerning the silicon content 
irbon tool steels the authors are familiar with several carbon tool 


ontaining a silicon content higher than 0.40 per cent which are 


satisfactory to the users. This is not proof that the same steel with a 


silicon content would not do the same work better. The authors do 
state that a earbon tool steel with a silicon content higher than 0.40 

er cent is not usable cr even unsuccessful. They only state the effects 
f silicon, and when these characteristics become noticeable. The fact that 
cts become noticeable in a hardened carbon tool steel at some 
htly above 0.40 per cent should not be interpreted as saying that 
these effects become noticeable the steel cannot be used successfully. 
Likewise, these same remarks might be applied to manganese. Neither 
Mr. Kingsbury nor Dr. Mathews has taken exception to the authors’ state 


ts regarding the effects of manganese, but seem to differ in what 


should be the limiting amount, yet neither of them state what in their 
nion this should be. We have stated an upper limit of 0.30 per cent for 
nganese, which may be too low, yet undoubtedly there should be a limit 
ng amount. It is, of course, true that the manganese may vary in some 


an inverse ratio to the carbon as stated by Dr. Mathews, and when 
stated a limit of 0.30 per cent this should have been limited by stating 
plied to a steel of approximately 1 per cent carbon. 

In reference to the low tungsten steels in Tables 5 and 6, Mr. Kings 
arently did not read the authors’ remarks carefully. The authors 
tate that the steel shown in Table 6 is poor, as it represents steels 

and 7 of Table 5. Should Mr. Kingsbury have referred to this 

ould have found that steels numbers 3 and 7 do not contain 
while all of his remarks are based on the assumption that they 
chromium. We definitely state that a small amount of 


n this type of steel is very desirable the same as Mr. Kings 
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In regard to cobalt high speed steels it happens that the authors ,, Hirect 
marks were confirmed by a large number of laboratory tests and were y. 
based on personal observation alone. Furthermore, these tests w: 
with several cobalt high speed steels including Rex AAA and th 
obtained were similar. The authors state ‘‘cobalt seems to increase 4) 
temperature at which failure of the cutting edge will take place.’ y, 
Kingsbury says his observations would contradict this statement. ‘py, 
following simple experiment is one of tests made on which the 4 ithors 
based their statement. A number of samples of several regular 18 por oo; 
tungsten high speed steels and several cobalt high speed steels were 
properly hardened. The initial hardness of the cobalt steels was slight) : 
less than of the regular 18 per cent tungsten steels. One sample of each ; 
steel was then drawn in lead for one hour at 1100 degrees Fahr. and up ti 
1400 degrees Fahr. at increments of 50 degrees Fahr. After the 1109 
degree Fahr. draw, the cobalt steels were very slightly softer; after th 
1150 and 1200 degrees Fahr. draw both steels were of practically the sam 
hardness; after the 1250 degrees Fahr. draw the cobalt steels were hardy 
and with each higher draw the difference between the hardness of the ty Written 
steels became greater, always with the cobalt steels harder. This experimen ; Certain 
certainly indicates that cobalt steels resist softening from high temper } presenting 2 
atures to a greater degree than an 18 per cent tungsten high speed steel, ; (ligression | 
or in other words cobalt steels have a higher degree of ‘‘red hardness.”’ the issue 1 


mad qual 
results (herefor 
( tio} 
and 


ration 


‘ 
( 


>, O00) per { 
tungsten, b.( 
a small am 
taining &pp 


per eent ¢ h 


Cobalt steels do have a tendency to harden with a soft skin or surface, ff Mr. All 
and this softness apparently is the result of partial decarburization. This ; irds Comm 
ean be shown by taking two high speed steels, one with and the other with tember, 19: 
out cobalt, and hardening them side by side. Then carefully anneal in ; annot bx 
sealed container. Then grind away the seale and remove jy inch from ‘ it has its d 
the outside of each piece and analyze for carbon. It will be found that ee 
the outside portion removed from the cobalt steel will show a much lower am ardization 
carbon content than the outside portion removed from the steel without 
cobalt should the carbon content of both steels have been the same in th oa = heen com) 
beginning. a (fl 

18 per cent tungsten high speed steels with cobalt, when in a properly B Consid 
hardened condition, are more brittle than the same steel without cobalt comment, 
when in the same hardened condition. This statement is based on the 
result of an average of a large number of Izod impact tests and the dif 
ference is very definite. 


tool steels 
steels have 


lo make y 


In regard to the comparative hardness between the cobalt and non 
cobalt high speed steels, Mr. Kingsbury states, ‘‘that cobalt doves not 
permit of greater natural hardness,’’ and in a previous paragraph states 
‘‘that the relative durability of a tool is a function of (a) its red hard 
ness (b) natural or abrasion resisting hardness.’’ The authors do nl 
clearly understand the meaning of the term ‘‘natural hardness.’’ If hard 
ness as shown by the Brinell, Rockwell or Scleroscope is meant, then the 
authors admit that cobalt steels are slightly softer than non-cobalt steels 
when both are properly hardened. If resistance to wear (abrasion) 
meant then the authors must again make their original statement tha! 
‘f‘eobalt gives better wearing qualities.’’ Laboratory tests show there | 
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Rockwell or 
ne) and wear, also that cobalt high speed steels have better 
oualities than non-cobalt steels. 


et relation between hardness (as shown by Brinell, 


fore, as Mr. Kingsbury states ‘‘the relative durability of a tool 
tion of (a) its red hardness (b) natural or abrasion resisting 
ind (c) its ‘eohesive strength’,’’ then the results of the authors’ 
tions show that cobalt high speed steels cut better because (an) 
w a greater red hardness (b) show a better wearing quality 
hardness) but that their ‘‘cohesive strength’’ is less than a 
steel. 
this discussion a cobalt steel means a steel containing from 3.00 
er cent cobalt, approximately 0.70 per cent carbon, 18.00 per cent 
1.00 per cent chromium, 1.00 per cent vanadium with or without 
mount of molybdenum, A non-cobalt steel means a steel con 
ipproximately 0.70 per cent carbon, 18.00 per cent tungsten, 4.00 
chromium and 1,00 per cent vanadium, 


Written Discussion:—By Jerome Strauss, Naval Gun Factory, Washington 
in phases of this paper have interested me greatly but before 
few questions | should like to comment briefly upon the authors’ 
to the problem of standardization. Perhaps the best reply to 
raised may be made in the form of a quotation from comments 
bert W. Whitney, chairman of the American Engineering Stand 
mittee, in replying to an article in the New York Tvmes in Sep 
1923, by Dr. Charles Eliott. Mr. Whitney says, ‘‘ Standardization 
disposed of so summarily. Like any other powerful instrument, 
langers; the problem, however, is not how to get rid of it but how 
Mr. Whitney further refers to the principal dangers of stand 
from which the following two are selocted as of most importance 
ent ease, ‘too early standardization before the trial stage has 
eted . . . . too rigid a standardization that does not allow 
change, ’’ 

dering the standardization of tool steels in the light of the first 
| agree with the authors that most of the low alloy steels are no 
ugh to warrant standardization. 1 do, however, feel that carbon 

t 


he high-manganese non-deforming steels, and the high speed 


been known and used and studied for a sufficiently iong period 


tandardization of present types possible. In regard to the second 


ild like to refer to two circumstances. The A. 8S. T. M. specifi 


‘1 for light aluminum alloy castings was proposed us tentative 


ul adopted in amended form in 1921. At the present time a 


this specification is under consideration and of the five original 


doubtful if more than two alloys will survive; the new specifica 


resumably have a number of alloys in addition to these two. In 


' the Navy Department specifications, revision is made in ac 


ith advancement in the arts on the average of once every three 


rely this does not appear like too rigid standardization, nor does 


be throttling research and development. Such work will continue 
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it 199% ] 
unquestionably whether specifications and standardization do or do ie ; s assoe 
The authors must remember that the buyer’s only means of (escrj}j, me + has a rath 
his needs to the producer is through the medium of a specificatio, ayy ; Sth gard | 
becomes, perhaps, the most important part of the contract. It kes { me pr. Charles | 
a high standard of competition and removes doubt as to what is ty distinct detr 
delivered and how the delivered articles are to be examined for complis, Me focture. 
with the requirements. Such specifications are in use today }) | hse oe In refer 
consumers and it would seem to be a help to every one when these consiimers : E 2 specifications 
agree to like requirements and thereby effect what is known as ndardy Be J. P. Gi 
zation. ae Dr. J. A 
I can frankly say that 1 have never known cleaner steel even in larg : sample in ev 
sizes than that shipped from the authors’ plant and unquestionably ; Ee von that all 
pride of uniform accomplishment is a part of the tool steel mill's ere, me and not only 
But brand name is not always an indication of consistent uniformity, fy bie 3 ave ideals, 
changes in composition have occurred under the same brand nome. A) Me is not pecul 
what metallurgist in these days of exacting tool demands and the need | P withors dise 
obtaining from each tool the last ounce of service it can render, wants : ; In conn 
carry two steels of considerably different composition through the same hea moe manganese a 
treatment procedure under the assumption that brand name mieans \ Bee different ma 
formity ? Es One manufa 
I am particularly interested in the authors’ comments on the ill effects Se threading di 
of small amounts of nickel and copper in carbon tool steels and of arse me = omay have be 
antimony, tin and copper in high speed steels. Can they, perhaps, give son me =| believe tha 
quantitative indications in regard to these harmful effects? In reference 


I should like, also, to ask the authors if it has not been their experie: which a lim) 


that over 1.50 per cent vanadium in an 18.00 per cent tungsten high spe somewhat 0 


steel does not lower the softening temperature so far as to cause hardening dif purpose for 


t 


things desir 


culties at the usual hardening temperatures, presumably through its ef 


upon the melting range. We are 
Authors’ Reply ing paper. 
In regard to the ill effects of small amounts of arsenic, antimony, | A. H. 1 


and copper in high speed steels, the authors at present are unabl if OF very } 


cefinitely state the relation between these harmful effects and quantity covered as 
Usually more than one of these elements are present, and undoubtedl must thorou 
arsenic and antimony are more harmful than either tin or copper, wit! should pure 
copper probably the least harmful of the four. Arsenie and antimony 
seem to make their presence known by first affecting the hot working o! 


the steel by causing hot-shortness. A total amount of 0.12 per cent 0! 


nder bran 
whom the s 
hames, but ( 


. ° . . . . ° ° ° hare gg ’ 
arsenic and antimony is noticeable. From inconclusive evidence, tin seems irdness, ¢ 

. 41 
ilt steels S( 


to affect the cutting edge of the tool, while apparently copper must 


; a ing 
present in amounts much greater than the other three elements before g not onl 





coming troublesome. mICTOSEEUCE 

The authors have noticed that with an 18 per cent tungsten steel, During 
with the other elements constant and raising the vanadium content | — ome hig 
1.50 per cent slightly lowers the proper hardening temperature, insu! manufactur 
ficient, however, to cause unusual difficulties by using the regular harde! percentage 
ing temperature for an 18 per cent tungsten high speed steel. a es 


Dr. J. A. MATHEWS: I am very much interested in the paper by \r. 
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ssociate and with much of the paper I am in hearty accord. In fact, 
; ‘ther familiar sound. I think I said something on the same orde 

rd to standardization of specifications last year at Boston. I quoted 

rhe 4 slog W. Eliott’s remarks to the effect that standardization has been a 


letriment to progress in education and along some lines of manu 


eferenece to the matter of specific analyses, do I understand that your 
tions are merely specific analyses of one sample? 
P Git: The majority of them are. 

De. J. A. MATHEWS In that case we are not quite sure that the particular 
every case represents the standards of the manufacturer, I assure 
all manufacturers have definite standards for their various brands; 

nd not only do they have standards, but I think most of the manufacturers 

» ideals. In all eases we may not be able to live up to our ideals,—and that 

< pot peculiar to the steel business. The free and easy way in which the 
rs discuss certain elements and their effects 1 can hardly agree with. 

In connection with Mr. Kingsbury’s discussion with regard to silicon, 

manganese and nickel, I believe it is likely that those steels were developed by 

Jifferent manufacturers, in the first instance, at least, to meet specific problems. 

One manufacturer’s idea of a low tungsten steel may be in connection with 

reading dies or drop dies or taps or some other line, and the composition 
iy have been based on some specific problem he had to work out. Therefore, 


it t}).« 


e that we will have to accept rather cautiously some of those statements 
ference to the effect of specific elements, manganese in particular, on 


imit of 0.30 per cent is placed. Manganese, in general, may vary in 
ewhat of an inverse ratio with the carbon; and it also depends on the 
rpose for which the tool is to be used, the size of the tool, and some other 
ugs desired as to whether 0.30 per cent is the maximum or not. 

We are under obligation to Mr. Gill and his associates for a very interest 


gy paper. 


\. H. p’ARCAMBAL: The paper just presented by Messrs. Gill and Frost 
f very much interest and value to us all, as this subject has never been 
overed as thoroughly in any paper previously given before the Society. | 
ist thoroughly disagree with the authors’ statement, however, that no buyer 
should purchase tool steel under a specification, but should buy their steel 
nder brand names. For a period of almost fifty years the company with 
weaker is connected purchased all of their tool steels under brand 


due to the wide variation in analyses received, wide limits in Brinell 


whom th S] 


es, Dut 
rdness, coarse grained structures, ete., that were quite frequently found in 
steels so purchased, they found it necessary to draw up specifications cover 


the chemical composition but also the Brinell hardness range, 


SUT ire, fracture, ete., covering the various types of tool steels used. 
uring the past six years we have been purehasing all of our carbon 
v' and high speed steels under these specifications, resulting in not only lower 
manutacturing costs, due to the steel being freer machining and a smalier 
percentage of the tools cracking in hardening and grinding, but also the pro- 
ig OF tools that have given much longer service in the customers’ plants. 
he ! t 


that one small tool manufacturer quite often requires tool steels 
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differently annealed than some other company, due to different mejhods ,; 
manufacture, ete., prove that each large user of tool steel should specify 
Prinell limits, ete. | 
We also have proven by careful tests that a special analysis steel prodyeos 
1 more satisfactory saw, for example, than some standard brand type. ‘7 
means that we are purchasing a large number of special analysis steels fo, 
various types of small tools. We certainly would be taking a step backward 


’ available. 


We have found that chromium and nickel each present up to 0.15 pe 


should we decide to use only the so-called ‘‘ brands’ 
do not harm the qualities of plain carbon tool steel. Some manufacturers ¢|s) 
that the chromium and nickel content of their steels is under 0.05 per cent, | 
we have yet to find such a steel. 

The authors stated that carbon tool steel with a silicon content of 04 
per cent or higher would result in a tool with a lessened keenness of eilye. WV, 
have found that small tools of certain types made of carbon tool steels 
taining 0.40 to 0.50 per cent silicon possess a very keen cutting edye 

We agree with the authors that the non-deforming steels containing on\ 
carbon and manganese as the hardening elements are very difficult to harden, 
due to steels of this type possessing a coarse grained structure if only ver 
slightly overheated. The addition of 0.20 to 0.30 per cent vanadium prevents 
this coarseness of the grain and gives the steel a wide hardening range. Nov 
deforming steels containing chromium and tungsten also possess a wide harden 
ing range but must be heated to a higher temperature for hardening than tl 
type given in No. 6. 

There is still a large tonnage of the low tungsten chromium tool steel! being 
used for cutting tools, but tests have proven that a good quality plain carbo 
tool steel will make just as good, if not a better, tool than will the low tungsten 
chromium type. This latter steel is deeper hardening than is the plain carbon 
tool steel, resulting in tools with a smaller amount of soft core, with resultant 
lesser toughness. 

We were glad to note that the authors went into considerable detail as to 
the effect of tungsten on high speed steel. So many users of high speed stee! 
believe that if the steel contains a very high percentage of tungsten, the sam 
will make excellent tools, whereas high speed steels with 20% tungsten an( 
higher are not desirable. A large number of the tool steel mills have recent!) 
increased the vanadium content of their high speed steel from 0.70 to 1.00) per 
cent to 1.00 to 1.30 per cent, this being a step in the right direction. The 
majority of the high speed steel now being manufactured also runs higher 1 
carbon than was formerly the practice. 

We find cobalt and molybdenum to be undesirable elements in ig! spec’ 
steel to be used for tools that are not to be ground all over after hardening, 
due to a soft skin being present after hardening. The cobalt high speed steels 
have been found to make excellent lathe tools, planer tools and other tools 0! 
this type, however, such tools are ground all over before being put into service 

There are a large number of companies in this country purelasing the 
tool steels under a specification. 
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OIL BURNING EQUIPMENT FOR 
INDUSTRIAL FURNACES 


By M. H. MAwWsINNEY 







Abstract 











This paper reviews the installation and operation of 
| burning equipment, starting uith the storage tank and 
cluding the auxiliary equipment. It covers in a general 

vay the chief points of trouble for supplying fuel to the 
urnace. 

The author discusses the correct arrangement of the 
hricks inside the furnace. He points out that this ar- 
rangement must be correct for the satisfactory burning 
of oil. The principal considerations are: the burner 
holes, flues and ports, combustion volume and baffles. 

The troubles encountered in lighting a cold furnace 
are discussed and the correct procedure to follow in this 
operation ws gwen. 

The location and remedy of troubles, other than 
purely mechanical failures, are discussed at some length. 

















|' is difficult to commence this subject in a paper of this size 
because of the almost infinite variety of equipment on the 
market for burning ol and because of the enormous number of 
applications which may be made of this equipment on the different 
types of industrial furnaces, For this reason it is advisable to 
state at the beginning what the paper will cover and then follow 
this outline without the many possible digressions which would 
leave only a vague impression of the purpose of the paper. In 
the first place, it will be assumed that the reader is familiar with 
the words radiation, convection and conduction, and also with 
the fundamental prineiples of heat transfer and application. 
Then, it will also be assumed that he has had some experience with 
some type of furnace and the auxiliary equipment, including 
burners, pumps, blowers, and the rest. With these assumptions, 
this article will review the installation and operation of this equip 





















lent with the purpose of inserting, at as frequent intervals as 
possible, practical pointers obtained through experience with many 


different types of installations, and will explain the causes of some 


of the common troubles experienced. 










A per presented before the Cleveland Convention of the Society, Sep 
eee ' 1S, 1925. The author, M. H. Mawhinney, is in the engineering de 
vartment of the General Furnace Co., Philadelphia. 
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nhuary 


The logical starting point in considering an oil burning syste, 
is the storage tank. Books have been written on storage 
and contain information on riveted tanks, electric welded tanks. 
horizontal and vertical tanks, installation of tanks to pass under. 
writers’ specifications in different states, and so on. As this jy 
formation is available from many sources, it will not be repeated 
but attention will be called to the two most frequent mistake 
made in various plants, namely, the heating coils and the tay) 
connections. 


tanks 


Steam coils should always be provided in a storage tank to 
keep the oil warm enough to pump easily. If the coils are too lary 
the heat in excess of that actually required is lost rapidly by radia 
tion from the pipe lines and the oil is evaporated from the surface, 
in the tank in surprisingly large quantities. If the coils are too 
small, the viscosity of the oil makes it difficult and sometimes im 
possible to pump from the tank to the furnace. A good arranve 
ment for average conditions consists of four lengths of 1!) -inch 
pipe the full length of the tank in series and reduced to '), inch 
at the inlet and 1% inch or % inch at the outlet to take off con 
densation. The heating coils should be located at the bottom of 
the tank and the outlet should be the lowest point, so that the line 
will drain itself and prevent freezing. 

The tank connections, in addition to the steam inlet and out 
let, include oil inlet and outlet and vent pipe. The inlet line 
through which the tank is filled should always be at least 3 inches 
when a pump is used in filling, and 4 inches in case it is necessary 
to depend on gravity. For an unloading pump from the car, av 
electric rotary pump is ordinarily preferred, simply because the 
electric wiring is easier to install than steam piping to a steam 
pump, and because there is less danger of freezing. A rotary pun) 
will never lift over 5 feet, while a safe suction life of 18 feet can 
be figured with any steam driven pump. The oil outlet is located 
at the top of the tank and extends down to within not less thai 


- 2 inches of the bottom, so that sediment will not be drawn throug! 


the delivery pipe. It is a good plan to set the tank slightly higher 
at the end opposite this connection so that the tank can be com 


pletely drained. The size of the delivery line ean ordinarily ' 


made the same as the suction inlet of the pump, except in thie cas 
of long distances, when the line should be one size larger. |" 
should never be made smaller, regardless of the fact that the pum! 
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may be oversize. The vent pipe should always be made as large 
as the oil inlet so that a dangerous pressure cannot be built up in 
‘he tank in ease of overflow. 

\fter leaving the tank, the oil should pass through double 
strainers which ean be easily cleaned, and then into the pump, 
[his pumping system can be either steam or electric, depending 
upon the layout and policies of the plant. The advantages of 
either system are of minor importance, the chief arguments in 
favor of each being that with the steam pump the steam pressure 
automatically varies with the load on the pump, so that the relief 
valve is assisted and the action 1s more sensitive, while the electric 
system has simpler packing and valves and is easier to take care 
of. Whatever system is preferred, it should be complete with relief 
valve. air chamber, and gage. The relief valve should be the same 
sive as the relief connection and should always be piped directly 
to the tank. It is frequently found that this pipe is connected 
into the suetion line and the operation is always unsatisfactory 
because any gas or air which has been trapped in the delivery line 
is carried around indefinitely. The air chamber is absolutely 
essential in eliminating pulsations and assuring a steady oil press 
ire to the burners. It is ordinarily supplied with steam systems, 
and for eleetrie pulps can be made of a piece of 4-inch pipe about 
l4 inches long, eapped at one end and the other end connected to 
the oil delivery line to the burners by a suitable tee. This delivery 
line should be of suitable size to supply the required number of 
uurners. The steam gage is important because the oil pressure 
is a factor in the correct operation of the burners. It should 
always be protected by a loop in the piping from the line to the 
vage and this line between the main line and gage should be filled 
vith cylinder oil or some other sulphur-free oil so that the fuel 
oil in the main line ean never get to the inside of the gage. The 
best fuel oil contains enough sulphur to put an expensive gage out 
of commission in a few days unless this precaution is observed. 

lt has been found by tests conducted by the United States 
Navy that for best atomization in fuel-oil burners, the viscosity 
of oil should be about 8 on the Engler scale, or about 300 Saybolt 
seconds. The temperature to which oil must be heated to obtain 
osity depends on the gravity of the oil, but for any oil 
lower than 27 Baumé gravity, this temperature must be greater 
t} 


tan room temperature. For an average oil of about 18 Baumé 


this 
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gravity, the temperature required is about 130 degrees Fahy. |; 
is, therefore, advisable in most cases to install an oil heater be) wee 
the pump and the burners. This heater can be one of many 
standard types and gives little difficulty. 

After supplying the required number of burners, the oi! sip. 
ply line should be continued back to the suction line as a eireylat. 
ing line. This line should be tapped into the suction line betwee, 
the tank and the pump, and its chief use is to make it possille { 
circulate the oil and get it hot before the burners are livhted. 
although it also makes it possible to utilize heated oil which jis 
not used in the first passage instead of returning it to the com 
paratively cold tank. No relief valves are required in this line 
except when there is no relief on the pump, but a master valve 
should be provided after the last burner has been supplied, which 
ean be regulated by hand to assist the relief valve on the pump. 
For instance, if ten burners are being supplied by the pump and 
eight are turned out, the master valve should be opened to lenvthen 
the time between operations of the relief valve. 

Commercial oil burners are ordinarily designed to operate on 
high-pressure air or steam from 20 pounds per square inch to 10) 
pounds per square inch, or on low-pressure air from 4 to 32 ounces 
per square inch. High-pressure burners are connected to a dry steam 
line or standard air-compressor. Low-pressure burners require son 
type of fan or blower. The two chief types are the positive pressure 
turbo-compressor and the constant volume blower. Each of these 
types will deliver air satisfactorily to the burner, but each hias its 
advantages. The constant volume blower is cheap but if the de- 
mand is reduced, the pressure in the lines will build up to as high 
as 10 or 15 pounds per square inch and the motor will overheat. 
This type must, therefore, have a suitable relief valve or hand 
control and large quantities of air must frequently be wasted when 
it is not needed. The turbo-blower is more expensive, but as long 
as the demand does not exceed the capacity of the blower, the 
pressures will not vary greatly, regardless of the demand. In 
other words, when the volume required is reduced, the pressure 
does not build up, as is the case with the constant volume })lower. 
The piping from the blower to the burners ean consist of either 
standard metal pipe or sheet-iron pipe and should contain slid 
damper blast gates in place of valves for regulation, on account of 
less friction loss and quicker action. These gates should far 
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-h away from the burner that the air can expand and attain 
equired pressure without excessive velocity when entering 
ner. This distance is about 18 inches from the burner. <A 
blast gate or gate valve should always be in the line at the 

ey so that the most efficient pressure can be obtained for the 

ers and this pressure will be the same for all the burners 
supplied. 

FURNACE BRICKWORK 

llaving covered in a general way the chief points of trouble 
in the equipment for supplying fuel to the furnace, we now come 
9 the subject of arrangement of brickwork inside the furnace, 


vhich must be correct for the satisfactory burning of oil and which 
s even more difficult to cover in a general way and still give 


information of value for all forms of furnaces. The principal 
considerations are the burner hole in the furnace wall, flues and 
ports, combustion volume, and _ baffles. 

‘aking these in the order named, the burner hole is an im 
portant factor in the correct operation of the burner. This hole 
should always flare toward the inside surface of the burner wall, 
because when made in this way the walls of the burner hole are 
less apt to interfere with rapid expansion of the atomized oil and 
air from the burner. The most rapid expansion possible is to be 
desired when burning oil, because the oil and air are more com- 
pletely mixed with this condition, and also because the velocity 
is reduced, which means that the products of combustion are not 
hurried out of the furnace before they have time to give up the 
maximum quantity of heat. For all burners which induce air of 
capacity under 10 gallons of oil per hour, the burner hole should 
be flared from about 314 inches diameter at the outside face of 
the furnace wall to 7 or 8 inches at a point 9 inches from this face. 
lor thicknesses greater than 9 inches, the wall should be spanned 
with tile and an open combustion space left from this point to 
the inside of the wall. For burners of the induction type of capaci- 


ties greater than 10 gallons per hour, the hole should start at 5 
inches diameter and flare to 7 or 8 inches diameter in 9 inches 
thickness, These holes should always be laid up with high tem- 
perature cement and made perfectly smooth so as not to obstruct 
the atomized oil in any way. These holes are made the same for 
ll types of furnaces from the smallest pot furnace to the largest 
hille 


heating furnace fired with comparatively small burners. 
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On small pot furnaces where the walls are possibly only 414 inches 
thick, the hole is flared from 3 to 5 inches diameter. 

The entire theory of flues is contained in the statement tha; 
exactly the same quantity of products of combustion must leaye 
the furnace per unit time through available openings as enter {hp 
furnace in that time in the form of air and oil, and that to insure 
even heating, the location of the flues must be such that the 
products of combustion reach all parts of the furnace withoy: 
becoming pocketed in any part. <A general idea of the size of 
flues required is given by the following figures taken from ‘‘[y 
dustrial Furnaces,’’ by Prof. W. Trinks, which contains complete 
theory on furnace design, ineluding the theory of loeation and 
sizes of flues and ports. 


Furnace temperature—degrees Fahr. ........ 1200 1600 2200 
Flue area, square inches per square foot hearth 
PG CHONG GOOEE) oc ccc cccccccceseses 2.0 3.5 ra 


Flues should always be made as large as possible and covered 
with suitable bricks or tile to produce satisfactory results. This 
ean only be determined by experiment and the flues must be ad- 
justed by experiment until the pressure in the furnace is _ jus 
above atmosphere and the flame or hot gases pass evenly over all 
points in the heating chamber. 

The theory of combustion volume can also be found in “‘ Indus 
trial Furnaces’’ mentioned above, and is especially important 
in the operation of pot furnaces, rivet-rod and _bolt-heating 
furnaces of small size, and hardening and ease hardening furnaces 
of the underfired type where the combustion chamber is limited 
In an industrial furnace, at least 3 cubic feet of combustion space 
should be available for every gallon of fuel oil which must be 
burned in the furnace per hour. 

The final important consideration in the brickwork arrange- 
ment inside a furnace is the baffle wall in front of a furnace burner. 
This baffle wall should be present in all furnaces of the side-fired 
or end-fired type, as it is a decided advantage in obtaining better 
results with any type of burner. An enormous number of furnaces 


are found in which the burner is fired directly into the chamber 


which contains the heating material but, in the opinion of thi 
writer, this arrangement is incorrect. The advantages of the 
bridge wall are that it holds back the flame and insures complet? 
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combustion before the products strike the stock to be heated, and 
that it helps materially in lighting the burners with a minimum of 
smoke. The height of the bridge wall should be about 414 inches 
above the center line of the burner and the last course should always 
be laid dry so that if the heat is too confined or the flame thrown 
too high, the top course can be knocked off without interfering 
with the operation of the furnace. The distance between the 
uside of the burner wall and the bridge wall depends on the 
amount of oil to be burned by each burner and should be about 


as follows _ 


Distance from furnace wall 


Gallons oil per hour to bridge wall, inches 
3 18-24 
D 24-30 
10 30-42 
15 42-60 











20 





60-84 






if the bridge wall is too far from the burner, the temperature 
behind the wall is not held high enough to help in the atomization 
and combustion of the oil, while if the wall is too close, it will 
be burned down in a short time. 










LIGHTING THE FURNACE 

\ssuming that the oil equipment and piping has been com- 
pleted and the brickwork in the furnace arranged according to 
the above prineiples, the next consideration is the lighting of the 
lurnace. This is not as easy a thing as it looks in most cases, 
and without some knowledge of the fundamental facts of oil-burner 
operation, the first experience is decidedly unpleasant. 















The chief source of trouble in lighting up a cold furnace is 
the effect of the cold surfaces upon combustion. When a mixture 
of atomized oil and air is ignited and fired into a cold furnace 
against cold brick and metal surfaces, the temperature of the prod- 
F ucts of combustion is suddenly reduced, and, as a result, a large 
, percentage of the finely divided carbon particles which have not 


a \ 


yet had an opportunity to burn are cooled below the ignition 


- ‘emperature and form dense smoke, or are deposited in the form 
pS of soot on the cold surfaces. This difficulty is more pronounced in 
= ‘he case of oil than gas, because the particles are larger and more 
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t to burn rapidly. As the brick surfaces become hotter they 
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offer increasing help in vaporizing the oil. It requires experience 
to keep the burner lighted until the bricks become hot. 

The following procedure should be followed in lightin: oil 
or gas burners:—After placing a lighted ball of waste saturated 
with carbon oil close to the mouth of the burner, 


First—Turn on a slight amount of atomizing air or steam, just 
sufficient for ignition of a slight amount of fuel. 


Second—Allow a slight amount of fuel to enter the furnace, s: 
that a small but steady flame is obtained. 


Third—Increase the air and then the fuel a little at a time unti! 
the maximum amount of fuel which will burn steadily in 
the cold chamber is reached. Allow the burner to operat: 
at this point until the bricks become hot, and then gradu 
ally increase the air and fuel as fast as the temperatur 
of the bricks will sustain ignition, until full temperatur: 
required is reached. 


Fourth—Adjust the oil to the required amount, then increas: 
the air supply until smoking just disappears; finally, de 
crease the air slightly to insure against excess air and 
oxidizing condition in the furnace. 


In most oil burners, atomization is accomplished by air or 
steam under pressure and the mixed oil and air leave the burner 
with a velocity which is greater than the speed of ignition of the 
mixture when not assisted by the vaporizing effect of hot surfaces. 
For this reason, it is always advisable to place a brick or baile 
wall in front of an oil burner, at least while lighting, in order to 
break up the velocity and afford the air and oil mixture an op 
portunity to light before passing through the furnace chamber. 
This arrangement also tends to confine the greatest heat to thie 
brickwork near the burner, causing it to heat faster and accelerate 
combustion as explained above. If it is not easy to arrange a brick 
in front of the burner, a sheet metal shield can often be substi 
tuted and removed after the burner is started. 

It should be remembered in starting an oil burner that un 
burned combustion gases constitute an extremely effective fire 
extinguisher, so that if too much oil is turned on at first, the 
furnace will be filled with cold smoke, and the flame will be smoth 
ered. When this happens, as it invariably will at first, tle ol! 
should be shut off and the air or steam allowed to blow the gases 
out of the furnace before again attempting to light the burner. 
In this connection, it should be remembered that the oil-saturated 
torch is also producing smoke, so that for small furnaces it !s 
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. keep this torch small enough to prevent filling the chamber 
smoke before the burner is turned on. 
‘he danger of any serious explosion when lighting an oil 
byrner is not as great as with gas, but some danger is present and 
should be used. For that reason, never turn on the oil first, 
cause it will eoleet in the furnace and when sufficient air has 
on admitted, an explosion may result. If, however, the air is 







‘urned on first so that there is plenty of air available, the oil will 
‘nite as rapidly as admitted. 


efore lighting up a ‘‘green’’ furnace which has just been 


built. it should be thoroughly dried out by means of a wood, coal, 








or vas fire at low temperature. This removes the moisture in the 
rick and clay and prevents cracking of the brickwork when heated | 
to high temperature. For large furnaces, this process should last 
several days but in all cases should continue until steam and mois- 
ture is no longer given off by the brickwork. 
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LOCATION AND REMEDY OF TROUBLES 




























lt is extremely hazardous to put down cut and dried form 
rules for the remedy of troubles which are encountered with 
industrial furnaces and equipment, because each case is a problem 
in itself, with some different conditions present, and the remedy 
is almost always a matter of experimental adjustment. The writer 
will, therefore, attempt to give only practical notes on the faults 
which he has found to be the commonest sources of trouble. 
P Neglecting purely mechanical failures, if the oil supply sys- 
tem is installed as outlined in the first part of the paper, the 
supply of oil to the burners should be entirely satisfactory. The 
commonest complaint is that the oil pressure fluctuates, which is 
serious because it is impossible to maintain steady combustion 
condition in the furnace if the oil varies. This condition can al- 
ways be eliminated by installation of an air dome to cushion pulsa 
tions from the pump. A good gage is a reliable indication of oil 
pressure, provided the connection between the gage and the line 
4 is not too small or throttled by having a partly closed gage cock, 
in which event the pulsations will not be transmitted to the gage 
and trouble at the furnace may be attributed to some other cause 
when it is simply uneven oil supply. In practically all burners 
the oil supply is regulated by a needle-valve arrangement which 


can become clogged by dirt and foreign matter in the oil. To 








108 TRANSACTIONS OF THE A. 8. 8S. T. J 


reduce this condition to the minimum, the oil pressure «ai {), 
burner should never exceed 8 to 10 pounds. With this low Dress. 
ure, the needle-valve will be farther open for a given 
of oil to pass, and as a result, larger pieces of dirt may pass 
through without clogging. This is important, but is almost always 
neglected. : | 


amount 


The number of different troubles which are experienced wit) 
the many different types of industrial furnaces in use is enoy 
mous, but the chief causes of complaint are that the furnace wil) 
not heat up to the desired temperature or that the furnace is }\o 
ter at some points in the chamber than at others. When plenty 
of fuel is available, both of these conditions are ordinarily due‘. 
one or more of the following factors—— 


Size and location of flues, 

Size of combustion space, 

Excessive radiation through walls, 

Size and number of openings other than flues, and 
Arrangement of baffles. 


As stated above, the size of the flues in a furnace should }e 
such that with a slight pressure in the furnace, a quantity of flue 
gases can be removed, which is equivalent to the required amount 
of fuel entering the furnace. If the flues are too small, the press 
ure in the furnace will be greater than the small pressure desir 
able to insure non-oxidizing conditions and the flame and gases 
will leave through-other available doors and eracks, to the dis 
comfort of workmen and to the detriment of the furnace. Also, 
the flame will be smothered and with induced air burners, their 
capacity will be reduced, because induction is eliminated by furnace 
pressure. If the flues are too large, the gases escape before giving 
up the maximum heat and it is impossible to maintain any press 
ure in the furnace, so that air is drawn in through every opening. 
eausing oxidation of the stock. The location of the flues must be 
such that the entire furnace atmosphere is kept moving and that 
the gases are drawn evenly to all parts of the furnace interior. 

The size of the combustion chamber limits the amount of fuel 
which ean be efficiently burned. If the combustion chamber is too 
small to allow sufficient fuel to be burned to take care of all losses 
and useful heat, then the furnace will never heat satisfactorily. 
This is of fundamental importance, but furnaces are frequently 
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id, especially among the automatie furnaces of recent design, 

this is neglected. 

Radiation and openings are sources of loss which should be 
kept as small as possible. A layer of insulation brick will often 
ses in bringing a furnace up to temperature, especially if the 
sian is large and the combustion chamber is limited. All slots and 
openings must be as small as possible because they are a source 
of large heat loss and because if they are improperly placed, they 
‘nterfere with the function of the flues and cause uneven heating. 
In this connection, where a door must be frequently opened, it is 
better to keep this door open at all times because every time the 
door is opened, the conditions in the furnace change and it is 
impossible to maintain efficient combustion, which is more serious 
than radiation loss from the door. ; 

Battles, as explained before, are extremely important, as they 
determine the amount of heat which will leave the furnace through 
the flues. If the burner fires against a bridge wall or against the 
opposite side wall in a narrow furnace, the velocity is broken up 
and the fuel ignites quickly. This quick ignition causes hot gas 
to be formed in the shortest possible time, and these gases can 
travel through the furnace with little velocity and give up the max 
imum amount of heat to the material. This is especially important 
with high-pressure burners, but with any type, it frequently hap 
pens that a large part of the products of combustion are through 
the furnace and out of the flues before they have even ignited. The 
writer is of the opinion that every furnace should be arranged 
with baffles in front of the burners in spite of the fact that an enor 
mous number of rod heating furnaces, bolt and nut furnaces, rivet 
forges, and forging furnaces are in use where the burners are fired 
directly into the furnace with apparently satisfactory results. 

lt is hoped that some practical suggestions are contained in 
this paper which will give the operating man some idea of what 
to look for when things go wrong, as they so frequently do, in the 
furnace department. 


Written Discussion:—By W. M. Hepburn, Surface Combustion Co., N. Y. C. 


Mir. Mawhinney has given information which ean be of value to steel 
treater 


using oil furnaces. He has departed from the old time eustom of 


lealing in generalities and has not been afraid to deal with specifie problems 
in definite terms, 
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There are two significant developments on the oil furnace horizon ww), 
might well be mentioned at this time: 

First, the automatic control of combustion. 

Second, the recirculating gasification principle of oil combustion. 

Under the first heading, equipment has been developed for the 
furnaces, which in addition to the automatie control of the tem). 
controls automatically the composition of the flue gases. 

Modification of this type of instrument may soon be expected whic); 
make it practical for the smaller heat treating furnaces. The advantay 
the exact automatic control of the furnace atmosphere for heat treating. 
such as are obtained with the automatie gas fired equipment need no furthe; 
explanation to the members of this society. 

Regarding the recirculating principle of combustion, the hidden valy 
of this feature has been little appreciated in the past. Instead of bridge walls 
and the resultant destructive zones, it is possible by a venturi throat co 
struction at the burner block, to draw in from the combustion chamber , 
definite ratio of hot flue gases, which gasify the atomized oil and from ther 
on earry out the combustion and heat distribution in a manner analogous to, 
we will say, a rich producer gas. 

This principle has been applied to furnaces doing extremely fine heat 
treating work. The temperature uniformity which the proper application ot 
these principles produces, has according to our experience, been far greater 
than any other type of application. Not only is the intense and destructiy 
temperature of the bridge wall type of combustion zone eliminated due to 
the softer combustion, but in addition the entraining force of the venturi 
ean be utilized to draw a large portion of the hot gases back to their start 


ing point whcih would otherwise be lost out of the flue. This has the same 


effect as adding to the length of travel of the gases in the furnace. 


The many instances of steel treaters resorting to the most expensive 
sources of heat is a clear indication that the stage has been passed where 


the cheapness of B.T.U. will insure the use of any fuel. 

The oil furnace manufacturers can be depended upon to meet this chal 
lenge for the development, and furnace equipment which are now under way 
are sufficiently radical to completely change the old order of things. 
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Educational Section 


rhese Articles Have Been Selected Primarily For Their Educational 
And Informational Character As Distinguished From 
Reports Of Investigations And Research 


FACTS AND PRINCIPLES CONCERNING STEEL AND 
HEAT TREATMENT—PART IV 


By H. B. KNOWLTON 


Abstract 





This article gives a description of the composition, 
properties and uses of some of the common types of tool 
steels. The classification of plain carbon tool steel, ac- \ 
ording to grade and carbon content, is explained. The 
responsibilities of the buyer, the tool maker, and the 
hardener are discussed. A number of alloy steels are 
described. Purchase and inspection of tool steel are 
discussed. 





(‘OMPOSITION, PROPERTIES AND Uses or Various Toou STEELS 


eo previous articles' of this series have covered the funda- 

mental principles governing annealing, hardening and tem- 
pering plain earben tool steel. In the present article, the compo- 
sition, properties and uses of some of the common types of tool 
steels will be diseussed. 

In order to assure that any tool will give the maximum 
amount of good service, it is necessary, first of all, that the tool 
be made of the most suitable steel for the service intended. Simi- 

larly, if a tool hardener is to do his hardening and tempering 
intelligently, it is necessary that he know exactly what steel was 
; used in the manufacture of the tool. 

it is unfortunate that at the present time there are many tool 
makers, tool hardeners, designers; and purchasers of tool steels 
who are not fully informed concerning the different classes of 
tool steels. This is not entirely the fault of these men, because 
in most cases they have not been taught a great deal concerning 


he first installment of this series of articles appeared in the March, 1925, issue of 
J ANS \s, the second installment appeared in the June, 1925, issue, and the third install- 
ired in the October, 1925, issue. 


‘he author, H. B. Knowlton, member A. 8S. S. T., is instructor in metal 


; ‘irgy, Milwaukee Voeational School, Milwaukee, Wisconsin. 
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tool steels. The attention of the writer was recently called to , 
book on machine shop practice which stated that, so far as the 
average machinist or tool maker is concerned, there are two kinds 
of steel: tool steel and machine steel. Such a statement is 
as bad as saying that so far as an employment manager js ¢0) 
cerned there are two kinds of men: skilled workers and unskilled 
workers. Everyone recognizes that a man may be highly skilled 
at one trade and yet may be of little value in some other trade. 


Fully 


but many people do not seem to realize that a certain steel yay 
be excellent for one type of tool, but quite unsatisfactory for - 
other. Most tool makers today recognize several kinds of too) 
steel, such as high speed, fast-finishing, nondeforming, earhoy 


tool, ete., but their information is frequently not as complet: 
as it should be. 

One of the most common errors is the use of the name of the 
manufacturer as a complete description of a tool steel. For ex 
ample, it is not uncommon to hear a hardener say that he believes 
in hardening Sanderson higher (or lower) than Columbia. or 
some other make. Similarly, it is not uncommon, in some places, 
for a tool to be sent into the hardening room with the informa 
tion that it is made of Carpenter, or Bethlehem, or some other 
make. Such statements are on a par with saying that a certain 
pair of shoes is made of Walk-Over leather. The men who mak 
such statements evidently do not appreciate that each of the steel 
companies mentioned make a number of different types of steel, 
and that there is a greater difference between the different types 
of steel made by one company than there is between closel) 
competing brands made by different companies. 

Another common error, which is equally as bad, is the de 
scription of steel as ‘‘a good grade of tool steel.’’ Such a d 
scription is so vague and indefinite that it means little. Ye 
there are probably many hardeners who can tell of being called 
upon to harden tools without any more information than that the 
tools were made of a good grade of steel. Each tool steel com- 
pany makes a number of varieties of tool steel, each of which 's 
good for a certain class of work but not so desirable for som 
other purpose. There is no such thing as a ‘‘best kind’’ of steel 
for all purposes. If one steel could be made which would be the 
best for all manner of tools, the work of the tool steel mills would 
be greatly simplified. To state that a certain variety of steel 
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‘s the best without stating for what purpose it is the best, is as 
had as stating that a certain variety of medicine is the best for 
all purposes. 

There are many varieties of tool steel on the market. The 
manufacturers usually designate their steels by brand or trade 
names. The plain carbon tool steels are usually marked with a 
number or letter, in addition to the brand name. The Data 
Sheets in the A. S. 8S. T. Handbook list 45 manufacturers and 
agents and about 500 different brands of steel. Even this list 
does not tell the whole story, for one brand of plain carbon steel 
mav be made in several different carbon contents for different 
purposes. The Handbook divides the 500 brands into five general 
classes: plain carbon, special alloy, high speed, nondeforming, 
and finishing. In some cases the plain earbon steels are sub~ 
divided into three classes: special carbon, extra carbon, and reg- 
ular carbon. Also in the case of many of the alloy steels, the 
principal element (other than iron and carbon) is mentioned in 
the table. This is a valuable table, but even it gives only the 
general classes or types of steel. It should go without saying that 
all of the steels in any one class are not exactly alike. 

It may be well to discuss briefly the different types of tool 
steels. The largest single constituent of tool steels and all other 
steels is iron. Even the highest alloy steels contain 65-75 per cent 
iron. It is also true that all steels contain more or less carbon. 
The tool steels usually contain from 0.60-1.70 per cent (60-170 
points) earbon. <All steels also contain certain amounts of man- 
vanese, silicon, sulphur, and phosphorus. In the plain carbon tooi 
steels, the amounts of these elements present are low. These steels 
are called ‘‘plain earbon’’ because carbon is the only, or at least 
the principal, element added to the iron to give the steel its use- 
ful properties. Whenever any other element is intentionally 
added in large enough proportions to have some commercial effect 
upon the properties, the steel produced is ealled an ‘‘alloy”’ steel. 
The same is true if the manganese or silicon content is intention- 
ally increased to produce special properties. The high speed, spe- 
cial alloy, nondeforming, and finishing types of steel, previously 
mentioned, are all alloy steels, for they all contain one or more 
elements other than iron and carbon. which give the steels their 
particular properties. Some of the steels commonly listed as plain 


carbon steels are in reality low alloy steels. They are probably 
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listed as plain carbon steels because, the alloy content be; 
the steels are more similar to plain carbon than to the oth 
steels. 


i low. 


alloy 
PLAIN CARBON TOOL STEELS 


The term ‘‘plain carbon tool steel’’ is applied to a larve fayp. 
ily of steels. Some shop men use the term as though it described 
one particular steel. As a matter of fact, each of the too! stec| 
companies manufactures a number of different kinds o| 
carbon tool steel. 
quality. 






plain 
These vary both in carbon content and jy 











Quality or Grade 


The quality or grade of a plain carbon tool steel should yo) 
be confused with the carbon content. By quality or erade js 
meant the soundness of the steel and the freedom from impuri. 
ties. Most tool steel companies manufacture three or more evrades. 
or qualities, of plain carbon tool steel. Each of these grades js 
manufactured with several different carbon contents. If the cru 
cible method be employed in making the steel, the quality of the 
finished product will depend to a large degree upon the purity 
of the raw materials that are used. In this method, wrought-iron 
bars are charged into crucibles together with certain proportions 
of charcoal and certain fiuxes. When the crucibles are heated 
the iron melts and dissolves the carbon, and the slag rises to the 
top. Sulphur, phosphorus, silicon, manganese and other impuri- 
ties are not removed in this method. It is obvious, therefore, that 
if a pure, high-quality steel is to be made by this method, a pur 
iron must be used as the raw material. As irons are costly i! 
proportion to their purity, a steel made from an exceptionally 
pure iron will be higher in price than one made from a less pure 
iron. The quality of the steel also depends much upon thie skill 
of the melters and mill men, and the care used in the entire 
process of manufacture. If the steel is made in the electric fur 
nace it-is possible to do some refining and removing of impur'- 
ties. Again the quality of the product will depend upon how 
much skill is employed in the carrying out of the metiiod. 
The cost will depend upon the quality of metal produced. It 
will not be attempted here to discuss which is the better, steel 
made in the crucible or in the electrie furnace. The crucible 
method is the older, and it is well established that the highest 
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quality steel may be made by this method. On the other hand 
many manufacturers claim that an equally high-quality tool steel 
may be made in the electric furnace if the process is carried out 
properly. Steel made by the crucible method was first called 
‘coast steel,’’ as this was the first of the steel making methods 
‘1 whieh the steel was melted and cast. The term ‘‘cast steel’’ 
‘s still used to designate crucible tool steel. Unfortunately, how- 
aver, in this country it is also sometimes applied to steel made 
hy other methods. 

~The grades of plain carbon tool steel are usually designated 
hy some brand name. A number of the companies now use the 
name ‘““SpeciAL’’ for their first grade, or highest quality, and the 
name ‘‘Extra’’ for the next highest grade. The lower grades 
are sometimes called ‘‘STanparb,’’ ‘‘Toot Room,’’ ete. The steel 
companies do not all use the same scheme for naming their orades. 
For particular information concerning the steels of any company 
it is best to consult their catalog. The highest grade steel may 
not always be strictly a plain carbon steel. Some of the com- 
panies use small amounts of alloys in making their higher grades 
of so-called ‘‘earbon steels.’’ 


Carbon Content and Temper Numbers 


As has already been stated, each of the grades or qualities 
of plain carbon tool steel is usually made in several different car- 
bon contents. The price of a erucible tool steel is not affected 
by the carbon eontent. It must be remembered that the highest 
carbon steels seldom contain more than 1.50 per cent of carbon. 
That is one pound of such a steel will contain 0.015 of a pound 
about 1, ounee) of earbon. Considering that the carbon is added 
in the form of chareoal, it may be readily seen that the addition 
of 1; ounce of carbon could not increase the price of steel as much 
as one cent per pound. It is true that more charcoal is used than 
remains as carbon in the finished steel, but allowing for this loss, 
the cost of chareoal used per pound of finished steel would not 
affect the price of the latter. 

The carbon content does have a decided effect upon the prop- 
erties of the steel. The higher the carbon content, the greater 
will be the degree of hardness which can be produced by proper 
heat treatment. On the other hand the lower the carbon content, 


the greater will be the toughness of the steel under any given con- 
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dition of heat treatment. For example, if a 1.30 per cen 
steel and a 0.70 per cent carbon steel are both hardened ay, 
pered in exactly the same way, the higher carbon steel wil! 
harder, but the steel with the 0.70 per cent carbon wil! }) 


e the 
tougher. For this reason the steel companies recommend stool 
of different carbon contents for making different classes of too). 


Files, razors, lathe, planer and shaper tools, when made of pla) 
earbon steel, should be made of a very high carbon steel. The 
tools all require a high degree of hardness but not a hich deore. 
of toughness. On the other hand, tools, such as hammers 
chisels, and large shear knives, require much greater touchyec 


1) 
(*( | 
‘ Ai 


and resistance to shock, but do not require a high degree of yap, 
ness. Consequently they are usually made of steel with less ea) 
bon (about 0.80 per cent carbon). 

The carbon content of tool steel is sometimes ealled the *tey 
per.’’ The steel companies make from five to ten different tey 
pers of plain carbon tool steel. The carbon content of each tem 
per is held within a variation of five to ten points (0.05-0,10 
per cent. For example, one temper may contain from 1.05 ¢ 
1.15 per cent carbon, and the next higher temper contain from 
1.15 to 1.25 per cent carbon. Steel with a higher earbon conten 
is usually spoken of as a higher temper, while steel with a lower 
carbon content is called a lower temper. 

The temper, or carbon content, should not be confused with 
the grade, or quality. It is a common error in the shops to speak 
of a higher carbon steel as a higher grade. It is true that the 
highest carbon ‘steels are frequently also high in quality, or grade, 
and that the lowest carbon tool steels are frequently lower 
quality. However, the same grade of steel is usually made 
several different tempers. The carbon content, or temper, of 1 
plain carbon tool steel is usually designated by a temper number 
(letter or symbol). It is customary to stamp plain carbon too! 
steel bars with both the brand name and the temper numbe! 
Many of the steel companies do not inform their customers as 
to the carbon content of their steels, but nearly all catalogs 
contain a list of the temper numbers and the uses for which eae! 
temper is recommended. 


} 
I 


Table I (page 130) shows the temper numbers and letters used 
| 

by several companies for making steels of different carbon con 

tents. The left hand column gives the carbon content. ‘The nex! 
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».w columns give the symbols used by different companies. The 
nter column gives the uses for which the steels of the different 
‘?e i z 





carbon contents are recommended. The right hand columns show 


recommended forging, annealing and hardening temperatures. 






the 
The extreme right hand column gives the temperatures for nor- 


nalizing overheated steel. If the steel is in the proper condition 
received from the mill, and if it is not subsequently over- 






when 
heated, normalizing should not be necessary. 


[t has not been attempted in this table to give all of the 






«hemes of marking the different tempers of tool steel. A few 





examples are selected to show the variations in the marking. The 





names of the steel companies have been purposely omitted, as it 





‘< not desired to mention a few companies to the exclusion of the 
others. It should also be stated that the table may not be pre- 
cisely accurate. Some of the steel companies have declined to 






state what the earbon contents of their different tempers are. 
lt is believed, however, that the table is fairly correct, and it is 
hoped that it will give the reader some of the general plans of 






marking plain earbon tool steels. For particular information 





with regard to the steels made by any company, it is strongly ad- 





vised that the user earefully study the eatalog of that com- 





pany. The eatalogs usually give a list of the tempers with their 





corresponding marks, and some advice concerning the uses and 





the proper heat treatment for each temper. The carbon contents 
are often omitted, but they can be fairly well estimated by the 







uses for which the different tempers are recommended. 






ORDERING PLAIN CARBON TOOL STEELS 










Most of the steel companies prefer that the purchaser should, 
when ordering plain carbon tool steel, state the purpose for which 





the steel is to be used. The steel maker then selects the proper 





grade and temper for the particular use stated. This relieves the 





purchaser of the responsibility of making the selection. Some 





buyers, however, neglect to furnish the manufacturers with this 
formation. It is true that the size and shape of the bar ordered 
are often a safe guide as to the intended use. For example, small 






octagon bars are usually used for cold chisels, punches and simi- 
lar tools, Again bars of the proper size and shape for making 
large die blocks are seldom, if ever, used for other purposes. 
Consequently, sizes which have only one use are probably made 
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in one temper only. This will probably apply to a er 
sizes and shapes, but it may not apply in every case. ‘| 
to state the use when ordering plain carbon tool steel is 
quite sound. 


many 
AV ie—~ 


rtainly 


RESPONSIBILITY OF THE Toon MAKER 


It is suggested that it would be well for the tool maker to }, 
as well informed as possible concerning the different graces gy) 
tempers of plain carbon tool steels, and for him to use thie yo 
suitable steel for each purpose. If this is not practicable. jp 
should at least select the steel which is the nearest to the correc 
grade and quality. Obviously it might be inadvisable jo orde, 
a special bar of steel to make one single tool. The grade and th 
temper number are frequently stamped on each bar by the stee| 
maker. Evidently this must be considered important informs 
tion. Yet some tool makers machine off these marks and thys 
lose the identity of the steel. The writer feels, from his own 
experiences in the hardening room, that a much better jol oj 
hardening and tempering could be done if the tool maker would 
in every instance place the description of the steel on a tay 
accompanying the tools when they are sent to the hardener, 


VARIATION OF THE HEAT TREATMENT TO SUIT THE SYEEI 


It is also believed that the tool hardener should understand 
thoroughly the meaning of the grade and temper marks, and 
that he should know the effect of different hardening and tem. 
pering treatments upon the properties of steels of different car 
bon contents or tempers. With the proper cooperation between 
the tool maker and the tool hardener, much may be accomplished 
in the variation of the heat treatment to suit the steel which is 
readily available. In general, it may be stated that if a tool is 
made of a steel which is a little too high in carbon, the ordinary 
hardening and tempering will leave the tool in too brittle a con- 
dition. The obvious remedy is to raise the temperature of tem- 
pering after hardening. On the other hand, if the steel is a little 
lower in carbon than usual for the particular tool, it may be well 
to give the customary hardening treatment, followed by temper- 
ing below the usual temperature. There are, however, limits wit! 
in which these principles may be applied. It would be impossible 
to make a good razor using a steel of a cold chisel temper, as thie 
steel would not be hard enough, even immediately after «uencl- 
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ne without tempering. Similarly it might not be advisable to 
make cold chisels from steel designed for chilled roll-turning 
tools. The writer had occasion at one time to harden and tem- 
per some machinist’s hammers which were made from steel of 
drill or edge-tool temper. He found that by raising the draw- 
ing temperature to about 125 degrees Fahr. above that ordinarily 
recommended for tempering hammers, very satisfactory results 
vere obtained. If these hammers had been tempered in the usual 
way, they would probably have chipped. If sufficient hardness 
cannot. be obtained by the ordinary quenching methods, it is 
often possible to inerease the hardness somewhat by quenching 
‘1 colder water, in brine, in more rapidly circulating water, or 
hy some other means which will inerease the speed of cooling. 
More rapid cooling may also increase the depth of the hardening. > 
Again it must be remembered that these principles may be ap- 
plied only within reasonable limits. If the steel is much too low 
in carbon, sufficient hardness will not be obtained, no matter how 
fast the quench. The hardener can probably do nothing to com- 
pensate for the steel being of a poor quality. 


AtLoy Toot STEELS 


In comparatively recent years it has been found that the 
addition of varying amounts of elements other than iron, carbon 
and the usual amounts of manganese and silicon, would produce 
alloy steels with very useful properties. Much experimenting has 
been done along this line, and there are many different alloy 
steels on the market, each of which is good for some particular 
purpose. It will be impossible in this brief article to discuss all 
of the alloy tool steels, to say nothing of the numerous alloy 
steels used for other purposes than the manufacture of tools. 
'urthermore, the alloy tool steels are hard to classify, as the 
opinions of the manufacturers as to the best composition for a 
steel for some particular use do not always agree. 

Some of the classes of alloy tool steels are quite well known, 
and it may be well to discuss several of these in a general way. 
Most of these alloy tool steels are sold under brand names. They 
ire not marked with temper numbers, as each brand is usually 
made with a certain definite chemical composition, and not with 
varying carbon contents. 
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HiGH SpPEED TOOL STEELS 

The high speed steels are used for tools which ta 
cuts and work at high speeds. Every machinist knows t},; 
tools work under these conditions, their cutting edges bec, 
quite hot. Ordinary carbon steel tools lose some of their jay). 
ness when they are heated above 400 or 450 degrees Fahy Th 
particular value of high speed steel tools lies in the fact that th, 
will stand heating up to much higher temperatures without losino 
their hard cutting edges. In fact some high speed tools will ey 
tinue to cut while their edges are dull red. For this reason jt \ 
possible to use high speed steel tools at higher speeds and take 
heavier cuts than could possibly be done with plain carbon sie 
tools. Some people seem to think that high speed steels cay 
made harder than the other tool steels, but this is not the case 
Hardened high speed steel is no harder, if as hard, as some of the 
other tool steels. 


Heayy 


\\ 
Wile? 
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There are several different types of high speed tool steel on 
the market. Among these may be mentioned the high-tunegstey 
low-vanadium, the low-tungsten-high-vanadium, and the cobs 
high speed steels. The first mentioned of these usually contains 
16-15 per cent tungsten, 3-4 per cent chromium, 0.75-1.0 per cent 
vanadium and 0.60-0.75 per cent carbon. The second class di 
fers from the first in that the tungsten is usually about 13 pe 
cent, while the vanadium is usually raised to about 2 per cent 
The cobalt high speed steels are similar to first-mentioned class 
except that they contain from 2.50-4.0 per cent cobalt in addi 
tion to the other elements. Chromium, tungsten, vanadium and 
cobalt are all metals. When alloyed with iron and carbon in tli 
right proportions, they give the steel produced the peculiar jrop- 
erties of high speed tool steel. For a more detailed discussion 0! 
these alloying elements see the A. S. S. T. Handbook. 

The figures given above should not be taken as definite limits 
of chemical composition, as the different steel companies var) 
somewhat in their formulas. At least one company makes hig! 
speed steel containing as high as 19-20 per cent tungsten. It 's 
attempted to give a general idea as to the common types of hig! 
speed steel. Besides these there are other high speed steels which 
do not contain so much of the special alloying elements. The) 
are very good for some purposes, but will not stand as much hea! 
without losing their hardness as the higher alloy high speed steels. 
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The heat treatment of high speed steel is quite different from 
f the plain carbon tool steels. The heat treatment of high 


aT QO 


sed steel will not be discussed in this article. 
Spt { 






FINISHING STEELS 





The finishing steels, as their name implies, are used for fin- 





Such tools must have hard keen cutting edges. They 


ishing tools. 


do not take heavy euts, but, preferably, should be able to stand 




























Co! “unning at fairly high speeds. Under these conditions the edges 
it ix of the finishing tools never become as hot as do the edges of high 
speed tools used in roughing euts. Some of the steel companies use 
hi the term ‘‘fast finishing’’ for designating this class of steels. 
The trade name ‘‘Double Special’’ is also often applied to the 
Ch 
=a fnishine steels. The A. S. S. T. Handbook gives the following as _ 
t] the typical analysis of finishing steels: 
per cent 
CI eee en ches oso 08 a5 oO eee 
CO re ee 
a rs ae bie. wiamauasain 0.50 to 1.00 
VO £0 vn ese e¥aw wane 0.20 to 0.30 
. It will be noted that the same alloys are present as in high 
UDs . 
sai speed tool steel, but that the tungsten, chromium and vanadium 
4 contents are much lower, and the carbon content is about doubled. 
. As might be expected from the lower alloy and the higher carbon 
of content, these steels can be made harder than high speed steels, 
ee but they will not stand as much heating after hardening without 
d losing their hardness. The proper heat treatment for the finish- 





ing steels is different from that of either the high speed or the 
plan carbon tool steels. The A. S. S. T. Handbook recommends 
an annealing temperature of 1450 to 1525 degrees Fahr., and a 
hardening temperature of 1475 to 1525 degrees Fahr. Like the 
plain carbon tool steels, these steels must be quenched in water 









to attain the maximum hardness. The tempering is similar to 






the tempering of plain earbon tool steels. 





NONDEFORMING OR O1L-HARDENING Too. STEELS 





Dies, taps, and other tools which cannot be ground all over 





alter hardening, and which must pass through the hardening and 





tempering operations and still come out a very definite size and 
shape, should be made of an alloy steel especially suited for these 
requirements. Most of the tool steel mills produce a steel for 
this particular purpose. These steels are sold under such names 
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« 


as ‘‘Non-Shrink,’’ ‘‘Nondeforming,’’ or ‘‘Oil-Hardeni 
addition they also carry brand names. (For the brand | 
the A. 8. 8S. T. Handbook: N 15-24.) 

There seems to be a difference of opinion among { 
facturers as to what is the best composition for a nondeformiyg 
steel. The A. 8. 8S. T. Handbook gives the following », 
the typical analyses for a nondeforming steel. 


Ly 


LINAS gpa 


mann. 


Ohne Ot 


per cent 


DY onecpeseat}sbacouee s 1.00 
PENEED -ivitin.cé coubieab ess 1.00 to 1.25 
EL 3 4. aes Gis XA nelh and oe 0.50 
WEE. 2 chee Vencasdeerurs 0.50 


The above, however, is not the only formula used in the may. 
ufacture of nondeforming steel. Some of the steel companies dy 
not put any chromium or tungsten in their nonshrinking steel. 
The manganese is frequently 1.50 per cent and sometimes as hic) 
as 1.70 per cent. Again, the carbon content may be about 0.85 
per cent instead of 1.00 per cent, as given in the above table. 
Some manufacturers also introduce about 0.20 per cent vanadium 
into their nondeforming steels. 

All of these steels, if properly made and heat treated, may be 
hardened and tempered without any great change in the final 
size or shape of the tool. The proper heat treatment will depend 
upon the exact analysis of the steel. All of the nondeforming 
steels above mentioned contain 1.00 per cent of manganese, or 
more, and for this reason they must be quenched in oil in the 
hardening operation. It is interesting to note that these steels 
become as hard when quenched in oil as when quenched in water 
On the other hand, water quenching makes them brittle and fre. 
quently causes cracking. 

The steels which contain a relatively high per cent of manga- 
nese (1.50 per cent or more) and no tungsten, chromium, or other 
alloy, may be quenched from temperatures around 14()()-1420 
degrees Fahr., while the steels containing 0.50 per cent tungsten 
and 0.50 per cent chromium should be quenched from about 14%! 
1500 degrees Fahr. If the tungsten content is higher, even 
higher quenching temperature may be advantageous. It is claimed 
for some of the steels containing vanadium that a wider quench- 
ing temperature may be used with satisfactory results. rom 
this it should be apparent that, while a number of nondeforming 
steels may be used with success, the hardener should know the 
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particular characteristics of each steel he has to harden, if he is 
we the best results. It is not sufficient for the hardener 
»formed that a tool is made of a nonshrinking or oil- 





tO pro 





t() he 
hardening tool steel. 


PNEUMATIC CHISEL STEELS 





Another interesting type of alloy tool steel is that used for 






yneumatic chisels. These tools present a somewhat different prob- 
I ° e ° 
len than that of the ordinary blacksmith or hand chisel. ‘The 





latter type of chisel is usually hardened on the cutting end only, 





the remainder of the chisel being left soft. If a pneumatic chisel 
were hardened and tempered in the same manner, the blunt end 
of the chisel would soon become battered into the shape of a 
mushroom and would stick in the barrel of the pneumatic tool. - 
The requirements for these chisels are, that the cutting edges be 








quite hard and that the whole chisel be fairly hard and very 
touch. To meet these rather drastic requirements, the steel com- 





panies have brought out a number of special alloy steels for 
pneumatic chisels. The composition of these steels vary some- 
what. In the main they contain 0.50-0.65 per cent carbon and 
).50-2.00 per cent tungsten. They may or may not contain smali 
amounts of chromium and vanadium. The hardening treatment 
for a chisel made of the 2 per cent tungsten steel consists in 
heating the whole chisel to 1600 degrees Fahr. and quenching all 
over in oil. After this they may be drawn all over in oil or melted 
saltpeter. After this treatment they will excel the ordinary car- 
bon steel chisels in a hard eutting test, and at the same time they 
are so tough that it is difficult to break them with a sledge. 














Hot Work STEELS 

There are a number of special alloy steels on the market, 
which are recommended for gripping dies, heading dies, punches, 
shears and similar tools which work on hot steel. In general all 
of these tools must withstand considerable heat and retain a con- 
siderable degree of hardness. At the same time they all require 
some toughness. However, there is some difference between the 
service conditions which are met by the different tools in this 










class. For example, the gripping dies probably have to withstand 
more heat than do the heading dies but they do not require as 
much toughness. Some of the steel companies make several dif- 






ferent lot work steels for the different types of tools in this class. 
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S. T. 





The following are two of the types of hot work steels mentio, 
in the A. 8. S. T. Handbook : 


Ll 

per cent per cent 

TIE: idee i neice eared 0.30- 0.45 0.30-0.55 

Tungsten 8.00-11.00 1.50-2.50 

2 err 2.50- 3.50 1.25-2.00 

Vanadium ..........3.30- 0.60 0.15-0.40 
The first mentioned of these will probably have greater |jea; », 
sisting properties, while the latter should have greater toyehyox 


and shock resistance. These are not the only types of heat 
sisting steels. Some of the hot work steels do not contain a. 
tungsten but get their special properties from chromium or ¢hiroyy 
ium and vanadium. The heat treatment of hot work tools yj! 
depend upon the particular steel used. 

Dirt BLocKs 

Large die blocks are frequently made of special alloy steels 
As die blocks are larger than most tools, they do not cool 
rapidly during quenching as do the smaller tools. Furthermore. 
the center of the block does not cool as rapidly as the surface 
The result is that when a plain carbon steel is used, the surfac 
is hardened by quenching, but the hardness does not penetrate 
very deep, because the deeper portions of the block do not coo! 
rapidly enough to produce the maximum hardness. Then, to 
plain carbon steel dies must be quenched in water to produce th 
necessary hardness. Large die blocks are usually quenched face 
down, with the face, only a very few inches at the most, belov 
the surface of the water, and the rest of the die held out of th 
water. This treatment, while it leaves the bulk of the die in : 
relatively soft, tough condition, sets up great strains, due to the 
great difference in the cooling speeds in different parts of 1) 
bloek. 

Some of the alloy die steels will harden with a much  slowe! 
speed of cooling. They may be quenched all over in oil, and will 
harden deeper in from the surface without the great differen« 
in the speed of cooling in different parts of the block. Amony 
the alloys used in making die steels may be mentioned nicke! 
chromium, and vanadium. Nickel is a well known touvtiene! 
and chromium and vanadium give oil-hardening properties 


HigH-CHROMIUM CoBALT STEEL FOR DIES 


One of the interesting tool steels brought out in recent year 
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hieh-chromium eobalt steel. This steel contains about 12 
ner cent chromium, and 3 4 per cent cobalt, with a carbon content 
we 1.50 per cent. It may also contain small amounts of other 
alloying elements. It is peculiar in that it has a relatively fine 
structure as east. It can be annealed to produce suitable machin- 
ability and, after proper hardening, has great resistance to wear. 
it is different from high speed and many other alloy steels in that 
‘t does not require forging to bring out its useful properties. (‘on 
sequently, this steel may be. and is, cast to the approximate shape ol 
the final tool. It is an air-hardening steel. It is recommended 


for dies and certain other classes of tools. 


STAINLESS STEEL 


Siainless steel is another high-chromium steel which gets its 
name and its principal uses from the fact that it does not readily 
rust or corrode. It 18 very useful for cutlery, and surgical instru 
ments and other tools which are exposed to conditions which tend 
fy eause corrosion. It should be remarked that after this steel 
‘< forged, the scale must be thoroughly removed or it will not re 
stainless. This steel is usually lower in earbon than most tool 
steely and does not have the hardness of many of the other types 


of tool steels. 
Low TUNGSTEN STEEL FOR Corrina Toous 


Steels containing about 1.00 to 1.30 per cent earbon and 
1.50 to 2.00 per cent tungsten, and sometimes containing from 
0.50 to 1.00 per cent chromium and 0-0.25 per cent vanadium, are 
sometimes used for keen-edged tools, such as milling cutters and 
taps. ‘Tools made from these steels should be hardened by quench 
ing in water from about 1450-1475 degrees Fahr. The tempering 


is similar to that of the plain carbon steels. 


Orner SpeciAL ALLOY STEELS 
lt 


's not elaimed that this is a complete or exhaustive treatise 


on alloy tool steels. There are many Special steels for special 
purpose 


It has been attempted to describe briefly some of the 
common types. Special steels for hack saws, wood working tools, 
magnets, valves, ete., have not been discussed. It should also be 
mentioned that there are some steels which are commonly elassed 


‘ toe . . . 
as plain carbon tool steels which really contain small amounts of 
allovs 
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It is hoped that this discussion will give the reader | 
idea of the different classes of alloy tool steels. It might je \,) 
for the users of tool steel to consult several reputable si. 
panies for their advice in the selection of the best kind 
for their particular jobs. 


GENERAL REMARKS ON THE Errect or ALLOys 


Chromium combines with the carbon and tends to 
the hardening power without increasing the brittleness 
tionately. The higher chromium steels resist corrosion. (hyo 
ium steels require higher hardening temperatures, but doy) 
require as fast cooling speeds in order to procure the maximnuy 
hardness. The highest chromium steels are air hardening ay 
many of the others are oil hardening. After hardening. the 
chromium steels will stand more or less heat without losine their 


LNCreAsy 





propor 












hardness, depending upon the amount of the alloy present. 
Chromium is frequently used in combination with other alloys. 
Tungsten is probably best known for its power of making 


steel heat resisting. It also increases the hardening power 0! 
the carbon. When tungsten is used with some other alloy, the 
latter is usually chromium. They seem to intensify the action 
of each other. The use of chromium and tungsten in high speed 
and hot work steels has already been discussed. “Tungsten is also 
used in permanent magnets and valves. Just as the tungsten 
makes the hardness more permanent even when the steel is heated, 
it also makes the magnets more permanent. In the lower tungstei 
steels the alloy probably serves principally as a_ hardener. 
Tungsten steels in general must be heated to higher temperatures 
for hardening, but do not have to be cooled so rapidly to produce 
hardness. The higher the tungsten content, the greater are both 
of these effects. 
















Vanadium is used usually with one or more other alloys. Ii 
combines with the carbon, and alloys with the iron as well 
Vanadium helps to rid the steel of harmful gases, and this in 
creases the soundess of the steel. The chromium-vanadium steels 
used in automotive steels seldom contain more than 0.25 per cen' 
vanadium, while the chromium is usually around 1 per cent. I 
tool steels the vanadium is frequently higher, reaching | per 
cent or more. Vanadium not only acts as a scavenger, }ut 1) 
combination with chromium and other metals increases the «ept! 
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iening and the strength of the steel without a correspond- 
‘ng decrease 1 the toughness. Like chromium and tungsten, 
vanadium also raises the hardening temperature. 

\ianganese is present in large or small quantities in nearly 
all steels. However, steels are not classed as manganese alloy 
steels unless the manganese content is much higher than in the 
ordinary ‘‘plain earbon steels.’? The low and medium carbon 
steely may contain from 0.40 to 0.80 per cent manganese without 
heine considered alloy steels. The plain carbon tool steels seldom 
contain over 0.25 per cent manganese. The oil hardening alloy 
tool steels containing 1.0 to 1.5 per cent manganese have already 
hoon mentioned. Small amounts of manganese serve as cleaners 
and also combine with the sulphur, making it somewhat less 
harmful. Larger amounts of manganese lower the critical point 
and increase the hardening power but also increase the brittle- 
ness. ‘The steels containing from 1.00 to 2.00 per cent manganese 
are usually quenehed in oil instead of water to avoid producing 
brittleness. Steels containing from 2.00 to 7.00 per cent manga- 
nese and no other alloy are very brittle and are not used. High 
manganese steels containing about 12 per cent manganese and 
25 per cent carbon are quite hard and are tough at the same 
time. They are used for railroad switch points, cross-overs, ore- 
crushing machinery and some other purposes. 

Silicon is another excellent seavenger, but is not found in 
any considerable quantities in most tool steels. It dissolves in 
the iron but does not combine with the carbon. One-half of one 
per cent or more of silicon in a high carbon tool steel may tend 
to prevent the iron from combining with the carbon and, conse- 
quently prevent, in some degree, the hardening of the steel. Sili- 
con, together with manganese or chromium, has been used sue- 
esstully in high earbon steels. Both manganese and chromium 
combine with earbon in spite of the action of the silicon. Some 
of the tool steels are said to contain 0.50 per cent silicon and 0,25 
per cent chromium. The writer has handled some light armor 
plate which also contained silicon as one of the alloys. The use 


of silicon together with manganese in making spring steel is well 


known. The silicon-manganese spring steels fall out of the tool 


steel range. They usually contain from 0.45 to 0.65 per cent 


carbon; 0.50 to 0.80 per cent manganese; and 1.50 to 2.10 per cent 
silieon 
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Molybdenum is somewhat similar to tungsten. It \ 
used in large proportions in making high speed tool steel. 
this practice has been largely, if not entirely, discontinued, (y 
the other hand, steels containing about 0.25 per cent oly 
denum and about 1.00 per cent chromium have become quite pop. 
ular in recent years, particularly the chromium-molybdenum steo}s 
containing low or medium carbon contents. 

Nickel is not usually used in tool steels. Both the hich 
low nickel steels are used for other purposes. Nickel 
per cent is used in low and medium earbon steels. It increase 
strength and toughness but not the hardening power. The hiv! 


til) TO) ) 


i 


nickel steels, containing over 27 per cent nickel, have some iy 


teresting uses due to their great toughness, rust and corrosioy 
resistance, and low coefficient of expansion with change of tem. 
perature. These steels will not be discussed in detail at this time 

Sulphur and phophorus are objectionable impurities and 
tend to produce brittleness. Consequently the content of these 
impurities should be kept as low as practicable in all steels. I) 
the better grades of low and medium earbon steels the sulphur 
and phosphorus are held below 0.050 per cent and 0.045 per cent 
respectively. In tool steels the pereentage of these impurities 
is often much lower than these figures. 

Cobalt is probably similar in its action to nickel, but works 
better in high carbon steels than the latter metal does. Its use 
in cobalt high speed and high chromium cobalt steels has alread) 


been mentioned. 

The elements thus far mentioned are not the only ones used 
in the production of alloy steels. Copper, zirconium, titanium, 
uranium, and probably other elements, may be used to advantage 


in the manufacture of alloy steels for certain special purposes. 


PURCHASING Toot STEEL UNDER SPECIFICATIONS OR BY BRAND 


In the foregoing discussion it has been attempted to give thie 
reader some conception of the composition, properties and uses 
of some of the common types of tool steels. It may be noted, 
however, that definite limits for the chemical composition of the 
different types of steel have not been stated. Also, in cases whiere 
different types of steel are recommended for the same purpose, 
the writer has avoided the statement of a preference for one typ’ 
over the others. Discussion of the relative merits of the crucible 
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and the eleetrie furnace methods of manufacture have also been 
avol It has been the intent to make this article generally 
Jescriptive of some of the common types of tool steel on the mar- 
to avoid discussion of points which may be under dispute. 
Murthermore, it has not been attempted to discuss all of the 
types of tool steel. It is hoped rather to arouse the interest of 
th reader in the subjeet and encourage him to study the different 
ton} steels and determine which ones are the best suited for his 
particular uses. This may be best accomplished by co-operating 
with the mills manufacturing tool steel. 
lt is a much disputed question whether the user should pur- 
chase tool steels under definite specifications or buy only under 
brand names. Some of the steel companies insist that the user 
should never impose any specifications upon the manufacturer. 
They prefer to have the user state the purpose for which the steel 
is to be used and trust implheitly in the manufacturer to furnish 
the best steel for the job. Under these conditions the steel com- 
panies are usually willing to guarantee performance. On the 
other hand one of the leading manufacturers has stated that when 
the user places any specification whatsoever on the steel, he should 


absolve the manufacturer from any responsibility for the per- 
formance of the steel. On the other side of the argument, we find 
statements from some of the largest users of tool steel that they 
have much better results when they purchase under specifications 
and purchase from reliable manufacturers as well. 


There is probably something to be said on both sides of this 
argument. Certainly nothing could be more dangerous than the 
purchase of tool steel on the open market under chemical speci- 
ications only. It cannot be too emphatically stated that as much, 
or more, depends upon the skill and eare employed in manufae- 
tlre, as upon the chemical composition. Furthermore, it is diffi- 
cult to vive a specification which will fully describe a tool steel 
Without resorting to such vague terms ‘‘well made,’’ ‘‘high qual- 
ity,’ ete. The inspection of incoming steel is an equally difficult 
writer remembers all too well his experience for a 
Arsenal which was compelled by law to advertise for bids 
and accept the low bidder or give a sufficient reason for rejection. 
The final test should be a practical service test. However, such 

long and expensive. While these tests may be useful 
the initial selection of a brand of tool steel, it is not 
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sually feasible to make such tests the routine procedure in the 
‘ST ection of all incoming shipments. 

On the other hand the writer cannot believe that the chemical 
somposition, the hardness, and the microstructure, have nothing 
to a with the properties and usefulness of the steel. As already 
mentioned, some of the largest users of tool steel have found it 
advisable to impose specifications and to imspect all incoming 
shipments. The composition, hardness and microstructure may 
not tell the whole story concerning tool steel, but they certainly 
tell a very important and essential part of the story. It is hard 
ty understand why wide variations in analysis may not make a 
difference in the properties of the steel. The following are given 
as examples of some of the rejections the writer has had occasion 


LO make: 


yf Bhonls MN 65k Sk ite cic ew eles Kear wean 
Carbon Manganese 
per cent per cent 
Usual Analysis cine. enctione me 0.80-0.90 1.30-1.50 
\nalysis of the shipment which was rejected. . 1.16 0.26 
1.19 0.26 
1.18 0.26 






‘ype of Steel: Carbon, 2nd quality. Label .......... Extra 


Carbon 
per cent 


Usual Analysis 0.75-0.80 


\nalysis of the rejected steel (average from 


} sample) '.., aces tia casa dewwe cea. Se 


Both of the lots above mentioned, which were off in chemical 
composition, were received from a well known steel company 
which is very insistent in its statement that the buyer should 
ever pay any attention to the chemical analysis. The writer 
cannot see how either of these steels could have functioned in the 
same manner as steels of the usual compositions. This is not 
'o he taken as a criticism of the steel company (which has not been 
amed) but is eited to show that even the best steel companies 


lay at times make mistakes. It is true that most of the steel 
received from the better manufacturers is satisfactory, but should 
not 


the buyer be allowed to protect himself against the occasional 
mistakes There are many other examples beside the ones given. 
rool steel has been received with the sulphur as high as 0.08 per 
During the war it was not uncommon to find 


vent 


wide varia- 
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tions in the tungsten content of the same brand of hig! 
tool steel. (This was true particularly with certain brands. 

With regard to the steel companies’ statement that the 
antee performance, and that the buyer should not complai: 
the steel actually fails in service, it seems rather obvious 
is highly desirable to reject the steel which is going to {ail j) 
service before the damage is actually done. It recalls | 
question as to whether there should be a fence at the toy of thp 
hill or a hospital at the bottom. 

The inspection of incoming tool steel for micro-structure and 
hardness will not be discussed here. This point was touched 
in the last article of this series, which described the annealing 
tool steel. It has also been rather thoroughly investigat 
Emmons, d’Areambal and others. 



















The following is suggested as a procedure which should 
satisfactory with the user and the manufacturer of tool steel: In 
selecting tool steel for any job, the user should get the best advic 
from several reputable steel companies, and then try out the sey 
eral brands recommended under practical conditions, selecting the 
one which gives the best service. The brand selected should be 
analyzed, examined under the microscope, and should be tested 
for hardness and fracture. The steel company should be aske: 
to furnish steel which is similar to the sample tested within rea 
sonable limits of variation. 

For the benefit of some of the smaller users of tool steel who 


could not afford to conduct long, expensive tests, nor to employ 
routine chemical and microscopic checking of all incoming steel, 
. let it be said that the best steel companies are probably right 
! about 98-99 per cent of the time. Where there is a large volum 


1] 


of business, the saving of the other one or two per cent is well 
worth the cost of the inspection. 
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TRACING MATERIALS THROUGH PRODUCTION 


By J. E. NELSON 










Abstract 


The method here outlined has been in use for several 
‘ys at the plant of the Barber-Colman Company. 
Rach bar is gwen a number and a metallurgical test, 
r which a report card is filled out and returned to 
stock room, where it ws filed. A record of the bar is 
kept in the laboratory. When the work has left 
heat treating department the record is filed, giving 
history of the parts while in the department. Should 
difficulty be encountered during the process of 
inufacture or im service, a reference can always be 
de to the history of the original bar. 


” industrial plants where metallurgical and chemical labora- 
tories are maintained to check up the quality of incoming 
material, particularly steel, it is quite important that a system 
be adopted for tracing the material through to the finished product. 
t is also important that a record be kept after the part has left 
he plant in ease some difficulty is encountered in its use. 

The method herein outlined has been in use for several 
vears at the plant of the Barber-Colman Company and has proved 
lo be quite successful. 

\s a shipment of steel is received each bar is given a number. 
\ disk one quarter of an inch thick is cut from bars 1 ineh and 
over in diameter, For bars under 1 inch diameter a piece 2 inches 
long is taken. This disk is given the same number as the bar 
and is sent to the laboratory with a report card giving the number, 
size and grade of the material. 

W hi 


t 


it is possible to obtain bars or billets with heat num- 
s customary to make a chemical analysis on a certain 

of the total number of bars, but each bar is given a 
metallurcical test. 


The disks are first given the deep-etch test in hot hydro- 
‘lorie acid (1 part water, 1 part hydrochlorie acid) and examined 
for d ‘egregation, eracks and porosity. They are then tested 
‘or hardness with the Brinell machine, drilled and hardened. 

I) 


case of high speed steel the samples are hardened and 
r, J. E. Nelson, is metallurgist, Barber-Colman Co., Rockford, Il. 
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broken. After examining the fracture and inspecting foy sea, 


and cracks, a sample is polished for microscopic exaiinatio, 
Carbide segregation gives the steel maker and user the 
concern. When badly segregated in the ingot, subsequent forging 
even though carried on to a great extent, does not entire], 
inate its bad effect. The carbides should be well broken wp, th 
size of the stringers and nests are governed by the size of the | 


S reatest 
elim 


yay 


F252 5-14-18 6m LABORATORY RECORD DATE REC’D 


FINISHED 


CLASS OF STEEL _ 


BAR NO: SIZE: 





SPECIFICATION: 





ANALYSIS: 


_HEAT TREATMENT: ANNEAL CARBON 
APPLIED RECOM’'D 


| 


eicangieemetinnninttienabaisinil 


1 a 
INSPECT FRACTURE SCLER BRINELL 





Fig. 1—Laboratory Record Card Used in Tabulating the History of Tests 

>} Inches Wide and 5 Inches Long and is Printed on White Cardbcard. 
and good judgment must be used to determine just how thu 
these stringers should be and what is possible to be obtained from 
the best mill practice. 

Carbon tool steel and oil hardening steels are examined 1 
a soft condition for microstructure. The best all-round structure 
have found is granular pearlite (spheroidal cementite) wil! 
not more than 20 per cent lamellar pearlite. The samples ar 


then hardened, broken and examined for fracture, eracks, seams 


and the extent of the decarburized surface. 

The report card is filled out and returned to the stock root 
where it is filed. The laboratory also keeps a record of 
bar. Fig. 1 shows the type of card that is used. 


When orders for material are filled by the steel stock depatt 
yr hicl 
ment the bar number and grade are noted on the route ecard wie! 


accompanies the parts (Fig. 2). This card accompanies thie Wor! 


through the plant, and when it reaches the heat treating departmen 


a reco 
heat 
that 1s 


for Ca 


record 
heat t 
S 
manul 
of the 
a read 
of the 
from 
















TRACING MATERIAL 















» record is made showing the kind of tool, size, name of customer, 
heat treatment and bar number. We use records of three colors, 
that is, red for high speed, yellow for carbon tool steel, and white 
for carburizing work. 

When the work has left the heat treating department the 


B-C., Co. 11-16-22 F 627-1 300 Pade 


ORDER NO, 


STRAIGHTEN _ 





WASH _ 





MATERIAL 







PT ___cscininstsimnisiiaiassiigmiiiings teen LUE . BAR NO. 












CARBONIZE _NO. PIECES _ 





TEMPER } | SANDOBLAST 


46 | HAROEN —_S__|_InsPecr 


——_$—$$———— 


CUSTOMER 



















47 CYANIDE |_¢ | INSPECT 


HEAT TREAT | 6 INSPECT LAB. 







g Route Card Which Accompanies Work Through the Factory. This Card is 4 
lunches Wide and 6 Inches Long and is Printed on Three Differently Colored Cards. Red, 
gh Speed Steel; Yellow for Carbon Tool Steel; and White for Carburizing Work 













record is filed, giving the history of the parts while in the 
heat treating department. 

Should any difficulty be encountered during the process of 
manufacture, a reference can always be made to the history 
of the original bar. Should the part be returned for any reason, 
a ready reference may be made to the records showing the history 
of the part in the heat treating department and to the material 
trom which the part was produced. 
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MAKING SPRINGS FOR MOTOR VEHICLES. By Arth 
associate editor, in Canadian Machinery, November 12, 1925, page 

The author of this paper discusses the benefits that have come 
facture of springs in the motor car industry from metallurgi: 
Springs today stand four or five times the work of those a fe, 


because the ‘‘skill’’ and ‘‘guessing’’ of the forger has been 










heat treating furnaces, with temperatures maintained at the proper de 
pyrometers. The Dowsley Spring and Axle Co., Chatham, Ont., bs 
of the Ontario Products Co., is taken as an example of a thorouy 
plant, and its work discussed. There are 145 men employed in 
and production averages about 55 tons of springs a day, a s 
weighing anywhere from 17 to 44 pounds. 

The plant is so arranged that material follows a straight 
storage to shipping room. Until a few years ago all springs were 
in small oil-fired furnaces. Today this method has been discard: \ 
tinuous heat treating, forming, and quenching process has been ev 
is practically automatic and eliminates the human element. As 11 
what careful heat treatment has done toward prolonging the life of sj 


the results of tests of springs made by the hand method and 

















continuous heat treatment method, are interesting. Some yea: 


deflections were about the average before failure, now 120,000 is : 


PERMANENT-MOLD ALUMINUM CASTINGS AND THEIR FIE! 
‘ OF USEFULNESS. By J. B. Chaffe Jr., The Permold Co., 
Machinist, November 5, 1925, page 743. 
This article is an abstract of a paper presented at the meet 
American Foundrymen’s Association at Syracuse, N. Y., Octobe) Q, 1925 
The problems discussed are: the overcoming of shrinkage, venting, «dyantage 
of the permanent-mold process, and applications of three types o! n 
alloy castings. In order to avoid shrinkage, the molds are desig! 
there is a progressive freezing from the furthest points of the cas! 
gates, and the gates and sprues are the last part to solidify. | enting 
in permanent molding special arrangements must be made to get rm 
in the mold cavity. Some advantages of the permanent-mold casting 
freedom from blow holes and porosity; dense, homogeneous and fine ¢! 
structure; greater strength, greater elongation and greater resistanc: 
relative aceuracy in dimensions; smooth, bright surfaces. Unt 
aluminum-casting production was done by the sand-casting proces 
methods, using metal molds, are gradually taking business away f! 
foundries. 
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allurgical engineer, Plainfield, N. J., in ron Age, 


e, Which is generated by the oxidation of 


ntration of unecombined or free oxide of iron in 


onsidered, also ways of moderating the boil, 


rticle is from a paper delivered at the third annual 
an Institute of Steel Construction, White 


11-14. The writer gives the results of an 


‘emperature for driving which must not 
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-RENCES IN OPEN-HEARTH BOILS, By H. D. Hibbard. con 


December 3, 1925 


ussing this subject the writer classifies open-hearth 
ind violence, taking into consideration uses 
types. He states the necessity of not 
with those of hot solid steel, or with those of cold steel. 


as boil is the escape from the bath of bubbles of gas, chiefly ear 


and effeets of boil. 
boils are divided into ten divisions: 


classes into which the subject is divided, is called an in-between 


eeeding articles on this subjeet will consider eneh degree of boi} 


ificanee, and particular cases. 






MPACT VALUES OF A NICKEL STEEL, By F. T. Sisco, metallurgist 
y division, air service, MeCook Meld, Dayton, Ohio, in Jron Age, 
1925, page 1513. 

in this artiele the writer considers the impact value of a nickel steel that 
at a temperature lower than usual. Material and methods of 
discussed, a table of the composition of the material used is given, 
schedule of the heat treatment. Illustrations of steel quenched 
degrees are shown. A table is also given which summarizes the 

(he tests made and the conelusions drawn, 


TEMPERATURES HURT RIVETS, By A. lL, Spencer, Jr., Pitts 


& Bolt Co., Pittsburgh, in Jron Age, December 3, 1925, page 15v1, 
convention of 
Sulphur Springs, Ww. Va., 


investigation of com 


reakage of rivets made at seven different shops. Two outstanding 
ausing breakage were: high-heating furnace temperatures and 
sses. In making these tests, four types of heating were employed, 


rorges, elettrie heaters, and gas forges. Two grades of steel were 


M. KE. boiler grade and high-sulphur cut-thread bolt grade, 


Con 
drawn 


that high temperatures cause rivets to break in hammer 
at least, destroy the physical properties to such an extent as to 
unfit for service. Mor each grade of rivet steel there is a 
be exceeded, and this tem 
reases consistently with the manganese content within the 
the investigation. Another 


high managnese, was not 


range 
conelusion was that high sulphur, ae 


a cause of rivets breaking in driving. 


boils according 
and character of ten 
confounding the gases of 


The action 


carbon in the metal, The 
uportant because it gives more information than anything else as to 


the slag. Causes of 


dead bath, almost dead bath, 


boil, gentle boil, moderate boil, brisk boil, strong boil, jet boil, 


boil, and Talbot reaetion.. A boil which does not seem to belong to 
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MAKING HIGH-GRADE STEEL. By John A. Coyle, consult 
reer, Pittsburgh, in Iron Trade Review, December 10, 1925, page 14 

In this article the writer discusses the methods used in An 
(jreat Britain in making crucible steel. British steel-makers us, 
of elay, which permit closer control of carbon in the ingots than <. 
crucibles, which are used by many American crucible steel 
The latter are not as breakable as clay crucibles, bold a heavier ¢ 
formly, and less man power is used in their handling. An analysis 
can and German graphite pots is given. 

The writer considers making high-grade steel an art rath: 
science, the different steps of the process demanding a skill and 
that makes the manufacturer of such steel an artist of high degr 





METALLURGY OWES MUCH TO FRANCE, By Sir Robert 
ritish metallurgist, in Jron Trade Review, December 3, 1925, page 
The writer tells of the early experimenters, scientists and y . 
helped to lay the foundation for modern industry in France. A) 
cariy French metallurgists were Reaumur, Gabriel Jars, who gives a) 
esting account of the methods originally practiced in Sheffield, k) 
Vauquelin and P. Berthier. Carnot is another French scientist 
vestigations in thermodynamics are the basis of modern practic 
metallurgical processes. The contributions of these and _ ot 
mentioned) French scientists have been of the greatest importance, «1 


world is greatly indebted to France because of their work. 


TEN TYPES OF OPEN-HEARTH BOILS. By H. D. Hib 
sulting metallurgical engineer, Plainfield, N. J., in Jron Age, Deve 
1925, page 1605. 


This is the second part of an article on open-hearth boils. 1! 
part appeared December 3, page 1511. The first part divided boils 
clesses. These dre discussed in detail in this section and in the cor 


of the artiele. Five divisions are considered in the part of the arti 
ing in this issue, as follows: dead bath, almost dead bath, incipient 


geutly boil, moderate boil. 








BETA IRON AND THE 





SPECIFIC 





HEATS OF PURE IRON 


abridged translation by A. Papineau-Couture of an article by A. Brodsk) 


lLevue de Metallurgie, May, 1925, in Iron Age, December 10, 1925, | 


The writer states that the existence of beta iron bas not been pri 
spite of the work which has been devoted to the solution of the proble 
formula has been deduced by the writer by means of which he was 
caleulate the specific heat of pure iron from zero degree absolute to its 
ing point. These formulas have been shown to be accurate and fo 
with experimental results even at temperatures 1000 degrees below t! 
served as a starting point, and it is quite safe to apply them to hig! 
peratures, right up to the melting point of iron. 
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REVIEWS OF RECENT PATENTS 


Reviews of Recent Patents 
By 
NELSON LITTELL, Patent Attorney 


110 E. 42nd St., New York City 
Member of A. S. S. T. 


1.559.963, Treatment of Copper Alloys, Friedrich Heusler, Dillenburg, 
Germany, Assignor to the Firm of Isabellenhuette Gesellschaft Mit 
Beschraenkter Haftung, Dillenburg, Germany. 








rhis patent deseribes a method of increasing the hardness of copper 
Jlovs containing small proportions of manganese and aluminum, by sub 
tine the alloys, after they have been cast, rolled, or forged, to a pro 


e( 


nved heat treatment at a temperature of approximately 200 to 250 





levrees Cent. Such an alloy, when heated for thirty-six hours at 280 







degrees Cent. had its tensile strength increased by 2 per cent, and other 


desirable advantages imparted to it. 









1,560,335, Process of Improving Alloys and Metals, Johann Czochralski, 
Frankfort-on-the-Main, Germany, Assignor to American Lurgi Corpora- 
tion, New York, a Corporation. 


This patent discussed at some length the advantages of individual 
rains or single large erystals of metal in the industrial fields, and points 
t a method whereby a single crystal of any desired size can be produced. 


The process comprises cold working the metal structure and then 













maintaining it for an extended period of time at a relatively lower re 
crystallization temperature favorable to nucleus formation, then raising 
the crystallization temperature at a relatively high rate and maintaining 


the temperature until conversion into a single erystal structure is com 





1,560,708, Annealing Box, Frederick E. Mesta, West Homestead, 
Pennsylvania, Assignor to Mesta Machine Company, Pittsburgh, Pennsyl- 
vania, a Corporation of Pennsylvania. 


‘his patent relates to a cast annealing box 5 which is reinforced 


-~iiT 
4; 





os aa 
ijccree. 







~T 


aga distortion and breakage by means of corrugations 3 running over 


ics and tops thereof, which form concave depressions on the inner 
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walls of the box. On the inside, each corrugation has, at appr 


the center thereof, an internal rib 8 having short tie ribs 9 
from the main rib to the sides of the reinforcing corrugation 
ribs 9 of one corrugation are connected to the ribs of the adja 
gation by means of additional transverse ribs 10. 


1,561,041, Heat Treatment of Gears or the Like, John W. White. De 
troit, Michigan, Assignor to General Motor Corporation, Detroit, 


Michigan 
a Corporation of Delaware. 


This patent describes an apparatus and process of quenchi) 


’ 
ge = 


rears in which the gears are confined in a chamber 22 by mes 


piston 36 and plunger in such a way that warping is prevented, : 
the toothed portion is exposed, and while held in this position th: 
portions are subjected to the action of a measured quantity of 
fluid from the tank 15, to impart the desired amount of cooling t 
toothed portion of the gear. 


1,561,482, Carburizing Process, Nora E. Phillips, Chicago, Illinois. 


This patent describes a carburizing process for cast iron, ma 
wrought iron, which comprises packing the article A to be t! 
charred leather B and surrounding the charred leather packing 
outer layer C of bone-meal or other calcium bearing material, 
being enclosed within a muffle D and heated in a suitable furnac 
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ete carburization preparatory to hardening a cast iron bar one inch 
kness, the box should be kept in the furnace heated so as to main 


he metal A at a white heat for a period of approximately six hours, 


‘en the article A is removed and immersed in a saturated solution 


water to eause the formation of a seale, which may later be re- 


in a sulphurie acid bath, The inventor states that gray cast iron 
in this manner is capable of receiving a temper and of being used 
ordinary tool purposes, and is of such texture that a milling eut 


ts the appearance of a milled surface of a good quality steel. 
1,561,577 and 1,561,579, Quenching Device, Method and Apparatus for 
Heating Wire, Oscar C. Trautman, Lakewood, Ohio. 
‘hese patents describe a furnace and quenching device for heat treat 


res, rods and the like. 
furnace comprises the usual insulating outer casings and cover 


EEE 


i 


l4 having the inner chamber thereof heated by electric resistance 
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wires 25, 26. Inside the furnace chamber a closed semicylindrica] 












supported in position to receive and pass out wires to be treated 

the opening 20. The pot 1 is preferably provided with a plur: 
prongs 6 projecting into the furnace chamber for more uniform 

In the use of the apparatus the pot 1 is filled with lead, and the 
passed slowly at the desired rate of speed through the lead bat 
depressions 5 in the top of the closed pot 1 insure the immersion 
wires in the material in the pot. Passing through the furnace, th, 
emerging from the opening 20 are passed into the quenching bat! 
21 which is maintained at approximately constant temperature and 
continuous flow by means of suitably arranged inlet pipes or bat 
described in the first numbered patent. Except for the entrance 








furnace is sealed to the atmosphere and the heat is entirely by rad 
with a minimum of convection eurrents, so that uniformity in } 
heat treating and the quenching bath is maintained, 


INITIAL TEMPERATURE AND MASS EFFECTS 
IN QUENCHING 









By 





H. J. FRENCH AND O. Z. KLOPSCH 








Continued from Page 74 














above atmospheric temperature. However, this is immaterial as only the 
upper temperature ranges (cold water quenching) were considered 
comparisons of cooling velocity in this report. 

Mr. Pillings comments regarding quenching in water at 50 


as deriv: 


his data are interesting but irrelevant. As stated in the report 


Cent. and the value of the exponent ‘‘n’’ in equation (7) 


scribed relations were developed for and applied only to coolants at at 
mospheric temperatures. An attempt to extend the scope of ap) 
to hot water is hardly justified. However, since this question has 
raised by Mr. Pilling, a few comments will be in order. 

While the authors have not yet studied mass effects when que: 
into hot water in the neighborhood of 50 degrees Cent., they car 


cept Mr. Pilling’s viewpoint that under such conditions the 







velocity at 720 degrees Cent. is directly proportional to the surf: 
unit of volume (exponent n 1) unless further evidence than that 
in Mr. Pilling’s discussion is presented. 
(s)" 
equation V - a 
(W) 
practically identical for the several specimens listed in Mr. Pillings 
Table II if the proper value of n is applied and correct determinations 
4 have been obtained by Mr. Pilling of the cooling velocity at 720 degrees 
Cent., but this is in no case true. There is given in Table A below 
lation of the constant C, for values of the exponent ‘‘n’’ equal respec! 
to 0.93, 1.0 and 1.2. 


> 


In the authors’ the constant C, sho 











DISCUSSION—M ASS EFFECTS IN QUENCHING 


Table A. 
Constants derived from data presented in Table II by Pilling 
Cooling Velocity Vaiue of ©, for various values of 


at 720°C the exponent n (using St in Table 


(720 x k as given Il) 


in Table IT) 0.93 


55.4 60.2 61.6 
38.9 67. 70.: 79.0 
a 


s a — — 
25.9 o9.: Sia 15.7 


18.0 o9.2 64.7 83.5 


the assigned value of n is too small, the constant C, will decrease 
nerease in diameter of eylinder and conversely if too large C, will 
<e, Now as indicated by Mr. Pilling, it is no easy task to determine 
tatively the cooling velocities in small masses of steel. In fact, the 
lties and sources of error multiply as the size of specimen becomes 
all. Thus, if no very good agreement is obtained, the authors 
first be inelined to disregard results on the smallest size. If in the 
ove, we negleet the cylinder 6.45 mm. in diameter, it would appear 
‘ir. Pilling’s own data show the exponent n to be equal for hot water 
0 degrees Cent. to some value in the neighborhood of 1.2; it is only by 
ting the experiment on the larger cylinder 9.60 mm. in diameter 
can be taken at 0.93 as chosen by Mr. Pilling. 
main point raised is that insuflicient data have been presented 
Pilling to demonstrate that when quenching in water at 50 degrees 
the cooling velocity at 720 degrees Cent. is directly proportional to 


face per unit of volume. 


DISCUSSION OF PREVIOUS PAPER AMPLIFIED 
er to clarify a portion of Mr. French’s discussion of his paper 
tled ‘* Experiments with Nickel, Tantalum, Cobalt and Molybdenum in 
ligh Speed Steels,’’ published in the December issue of TRANSACTIONS, page 
‘Il, Mr. French suggests the following data for the purpose of clarifying his 
to Dr. J. A. Mathews in the discussion on page 700: Added to the 
paragraph of Mr. French’s reply to Dr. Mathews at the top of page 700, 


owing table shows the exact analysis of molybdenum as determined by 


ors 


Sumple for analysis taken at depth Per Cent 
below the surface as indicated Molybdenum 
(Inches) 

Ist cut 0.000-—0.003 7.06 

2nd eut 0.003—0.006 7.14 

Ssrd cut _0.006—0.009 7.19 

{th eut 0.009_-0.012 7.15 

oth eut 0.012-0.015 7.16 

6th cut 0.015-0.018 7.16 
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Detroit (388) 





. Cleveland (377) 


Pittsburgh (308) 
Chicago (280) 
Philadelphia (264) 


3. Boston (235) 
. New York (222) 
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Cleveland (373) 
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GROUP II 
Hartford (123) 
Lehigh Valley (107) 
Golden Gate (92) 
Syracuse (88) 
Milwaukee (87) 

. Cineinnati (74) 


. St. Louis 


Indianapolis 


9, Buffalo 


. North West 


GROUP II 


1. Hartford (123) 

2. Lehigh Valley (107) 
3. Golden Gate (93) 

4. Syracuse (80) 

5. Milwaukee (80) 

6. Cincinnati (75) 


1 


_ 
oO @ = 


. St. Louis 


. Indianapolis 


. Buffalo 
. North West 


S, 


News of the Chapters 


STANDING OF THE CHAPTERS 


N the December issue of TRANSACTIONS appeared the relative men 
standing of the 29 chapters of the Society as of October 1, 1925. 
November 1, 1925. 


we 





The tabulation which appears below sh: 
relative membership standing of the chapters on 


November 1, 19 


1925 


3 


” 


~~ 


GROUP II! 
Tri City (65 
Los Angeles 


Rochester (5% 


4. New Haven 


Standing as of November 1, 1925 


a= 
. 


Don m ww PO 
§ : 


o 2 


9. 
10, 
11, 
12. 


Worcester (5 


3. Schenectady 


Roekford (50 
Washington 


. Toronto 
10. 
11. 


12. 


Providence 
Springfield 
South Bend 





GROUP III 
Tri City (65) 
Rochester (59° 


. Los Angeles 
. New Haven (5 
. Worcester (5! 


Schenectady 


. Washington | 


Rockford (48 
Toronto 

Providence 
Springfield 
South Bend 





For the month of November there was a net gain of 58 new members 
making a total net gain of 214 new members since September |, 
This is a very commendable showing and we sincerely hope that this 
of increase will be maintained. 
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[—Boston shows the largest gain of any chapter in this group, 
wired 12 new members. Philadelphia is second with 8, while 
eut down the lead of Detroit from 15 on the last report to 11 
sent. We are not letting any secrets out of the bag but just a 
ining to the chapters of Group I—there is one chapter that has 
ry up its sleeve that will begin to be evidenced next month, and it 
| proposition that there will be some radical rearrangements of 
ters Soon. 

l11—Syracuse and Milwaukee were busy during the past month 


vain of 8 and 7 each. They are now in a close contest for 4th 


\11—Roeckford passed Washington for 7th position. 
mmary of the standing of the Society since September 1, 1925, is 
ewith: 
September 1 October 1 November 1 December 1 

P452 2508 2549 2585 
500 523 538 54] 
243 243 245 256 
160 170 175 


nd Founder... 5 ] 


Total 3360 


BOSTON CHAPTER 


ston Chapter of the society was fortunate in receiving an invita 
from Professor Albert Sauveur of Harvard University to attend 
presented by Francis F. Lucas of the Bell Telephone Company 
iv, November 19. 
icas spoke on the subject of ‘‘The High Power Photomicrography 
Karly in the lecture, he described the difference between 
eve-pieces and objectives and the value of the numerical 
he magnification attained with white light and the recent de 
of ultra violet rays to inerease the magnification. Color filters 
discussed, By the use of lantern slides, Mr. Lucas demonstrated 
alled ‘empty magnification,’’ or magnification without resolu- 
gives a picture lacking in detail. He showed a series of slides 
ted out the effect of various objectives and filters on the same 
the difference between enlarging a photograph and magnification 
olving power of an objective. Only by a careful study of the cor- 
tive and eye-piece can the maximum resolution be obtained and 
rnification’’ result. 


oe 


talk was illustrated by a large number of exceptionally fine lan- 


of photomicrographs of iron and steel with varying magnifica- 


6000 diameters. These pictures showed careful preparation of 
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the specimens and remarkably elear resolution. A few of the s 
eclored. 

Members of the Boston Chapter were most gratified to hav 
opportunity of hearing Mr. Lucas. Frances Hv 


In spite of the season’s worst gale and rainstorm, more tha) e ] 
dred members and guests of the Boston Chapter attended the D, 
meeting at the Massachusetts Institute of Technology to hear P 
Albert Sauveur deliver a talk on dendritic segregation. 

Dr. Sauveur, who took as his subject—‘‘The Directional Pro 
Steel,’’ explained in detail and showed with a series of diagrams 


microscopic etchings the formation of the dendrite during solid 


es 


fy 
a 


neat) 
and cooling, its composition and methods of detection, using copper 
other etching reagents. He showed that the physical properties of | 
depend not only upon its microstructure, but also upon its Sis 
dendritic segregation or macrostructure, and that the latter is not 
by the usual commercial heat treatments, while hot working causes 
formation of segregated areas and results in directional properties 
order to illustrate the effect of grain direction on static and dynamic tests 
diagrams and etchings of broken tension and impact bars, taken par 
to and at right angles to the direction of work, were shown ani f 


given to show the relative strength and ductility of each. Th 
greater ductility and resistance to impact of the bars cut paralle! 
direction of work was clearly seen. 

Calling attention to the fact that when the steel ingot is subject 
hot working, a banded structure is necessarily produced and direct 
properties imparted which will be more pronounced the greater th 
tion of the cross section, he felt we should abandon the belief that 
more we work steel, the more we improve the physical properties. If t! 
finished implement is to be subjected to transverse stresses, excessi 
duetion is very detrimental whenever persistent dendritic seg 
exists. 

In concluding his talk, Prof. Sauveur pointed out that of the 
ditions on which the physical properties of steel depend, namely, its 


structure and its persistent dendritic segregation, or marcrostructure, t! 
former has been the more widely studied, and made a plea for more st 


of the influence of the latter. One-half hour of discussion followed 

Previous to the meeting, dinner was served to seventy-five members 
of the chapter in the Walker Memorial, Professor Sauveur being the gues! 
of honor. H. E. Ha 





BUFFALO CHAPTER 


The November meeting of the Buffalo Chapter was held Novem! 
1925. 

The meeting was called to order by Mr. Armstrong. The minutes 
previous meeting, October 22, were read and there were no objections 

Dr. Hartman of the Research Laboratories of the Carborundum Compa! 
who was to be the speaker of the evening, was ill and could not b 
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of the same company was introduced as the speaker for the evening. 
Soley gave a short history of the manufacture of Carborundum, then 
ietail the present day manufacturing processes. 
reels of pictures were shown which gave the manufacturing pro 
the uses of the abrasive. An interesting discussion followed. 
forty members and guests were present. 
e next meeting will be held December 17, and J. H. Nelson, of the 


Wyman Gordon Company, is to be the speaker, 


CHICAGO CHAPTER 


he sake of the analogy we will call them The Four Steelmen. Every 
four must work together and the result of their labors is fairly 
by the degree ot co-operation they develop. They have come to 
this fact and have taken advantage of it. 
ive not always seen these Four Steelmen at the chapter meetings. 
enough, the Shop Foreman was the first to identify himself with the 
on but close on his heels came the Metallurgist. We do not know 
hich relative time the Salesman put in his appearance; he was on the 
un the beginning. For a time these three continued to meet every month 
apter meetings, benefited by the interchange of ideas, formed new 
ul acquaintances, gained a keener interest in and a higher regard for 
ations, and came to be loyal boosters of the society in general. How- 
ite we have noted with a great deal of satisfaction the arrival of the 
mber of the team. It was largely through the efforts of the Metal 
at the Executive had the society forcibly called to his attention; at 
time he had not been ignorant of the increasing impression the 
lization was making in his business. Now in this case it so happens 
the Executive has under his supervision the purchase of all the steel that 
into the product or the manufacture of it. The connection is perfect 
feel the effect of team work, whether it be good, bad, or indifferent. 


all this to your attention merely to give you a better background 


1) 


apter gossip. You see, the society itself can thrive only so long as 


inues to aid and abet the Four Steelmen. Well, the December meeting 


chapter certainly was an attractive one for all. The 


+} 


notices sent out 
ie announcement that J. V. Emmons of the Cleveland Twist Drill 


would give a practical talk on high speed steel and that was sufficient 
in excellent attendance. We counted 90 members and guests who 
rly for dinner at the City Club. After coffee was served the moving 


Building a Skyscraper, featuring the 32 story Straus Building, was 


oO! 


the sereen and the attendants got a good idea of the precarious 
ons arising during the course of such an undertaking. Not many of 
made a flying jump for a swinging steel girder 30 stories up nor have 
ir lunch with our feet dangling over the cornice from such a height 
irs below on Boul Mich look like two vibrating ribbons. By 


+ 
{ 


ul 
ography the structure was made to grow from the street level to 


tructure in two minutes whereas in reality it took 1800 men 18 


complete the task. The two reels closed with the significant state- 
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ment that not one life was lost in the erection of this modern type 
ture. 

By this time we were all set for Mr. Emmons and high s 
\t the first Mr. Emmons outlined the classification and 


+ 
SLe¢ 







select f th 
various types of high speed steel manufactured today. His dis 
the suitability of the different types for specifie work was sufticice) 
‘or the executive who bought steel and the salesman who soid st 
their heads together. Next, the speaker dwelled at considers 
cn the matter of inspection. Here the metallurgist pricked up h 
learned just how complete an inspection should and could tbe. 










inspections ineluded hardness (as received), depth of dees 
segregation of carbides, dirt, surface laps and seams, chemica 
cutting ability, pipe, and after heat treatment, grain size and 
When Mr. Emmons came to methods of heat treating the ste 
foreman in charge of heat treatment was kept busy checking up 
inental notations. Safe to say that many suggestions glean 
meeting were put into effect the following day. 

Mr. Emmons illustrated the microstructure of high spe 







means of a number of excellent slides which were thrown on 
The meeting was closed at 10 o’clock sharp by the chairman 
exercising his privilege of cutting short the discussion which fo 
Emmons’ highly appreciated talk. - A. 



























CINCINNATI CHAPTER 
Meeting: Friday, December 18, MeMicken Hall, University ot 
Subject: The Heat Treatment of Automobile Forgings—J. M 

metallurgical engineer, Hupp Motor Car Corporation, Detroit. 


To be reported in the next issue of TRANSACTIONS. 





CLEVELAND CHAPTER 
Meeting: Friday, December 18, Engineering Society Rooms 
Winton, Cleveland. 
Subject: General Precautions in the Manufacturing of Alloy 
A, Grossmann, United Alloy Steel Corporation, Canton, Ohio. 


To be reported in the next issue of TRANSACTIONS. 





DETROIT CHAPTER 


The monthly meeting of the Detroit Chapter of the American So 
for Steel Treating was held Monday, December 21, 1925, on the 15th floos 


of the General Motors Building. 
The Detroit Chapter was honored by the presence of two National 
Officers, W. 8S. Bidle, president, and W. H. Eisenman, secretary. 






these gentlemen gave short talks after dinner which kept the members in 
a roar of laughter. Before the papers were presented Mr. Bidle gav 

short talk on the growth of the Society and causes for this growth, closing 
by thanking the chapter members for their support of him during the term 
of office. Mr. Eisenman gave an enthusiastic talk on self-salesmanshi 





and the importance of the metailurgist to the plant. 
The first paper of the evening was by H. A. Sehwartz who 





Dra 


whi 


Mo 
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iron from the viewpoint of the automotive industry. Mr. 


1, } 
bile 


rtz, by the use of lantern slides, made a complete tour of malleable 


tion. This survey of the malleable industry included occurrence of 
terial, molding methods, casting, and annealing. Photomicrographs 
structure of white iron and malleable iron both good and bad practice, 
shown. Examples of casting shrinkage and methods to overcome the 
were illustrated. The effect of change of section was emphasized, 
he mistakes often made by engineers who do not consider the char- 
tics of malleable iron were illustrated by diagrams of correct and in- 
design of automotive parts. A short discussion followed, mostly 
d to consideration of short annealing processes. 
(he second talk was by M. L. Frey of the Gerlinger Steel Foundry 
iv. The subject was ‘‘Heat Treatment of Cast Iron.’’ Mr, Frey 
lata on quenching soft iron to harden same, necessary temperature 


love easting strains and some results from using alloy pig iron in 


semi steel cast ings. 


Zimmerk., 
GOLDEN GATE CHAPTER 


\ very successful ‘‘Smoker’’ was held on December 12 at the En- 
eers’ Club, San Franciseo, as the culmination of activities of the Golden 
Chapter for 1925. 
re were sixty-five present at the dinner, and this number was 
ted by several members who came late. 
8k. Drake, the chairman, presided during the dinner, which was en- 
by music ef Carl Anderson’s Quartet as well as community singing 
Mr. Anderson. 
During the meal there were a number of interruptions in the form of 
sus telephone ealls for members present that caused much laughter. 
meeting was called to order at about 9:00 o’clock p. m. by Mr. 
who made a few brief remarks on the purpose of the gathering, 
has become an annual affair. He then had a roll-call, which was 
d by some remarks by C. 8. Moody, the chairman of the committee 
which is handling the special course of metallurgy and heat treating. Mr. 
Moody announced that the organization meeting would be on January 11, 
the Odd Fellows’ Hall in Oakland, at 8:00 o’clock p. m., and that en- 
t would be immediately followed by the first lecture. He also said 
nee it seemed there would be an unexpectedly large registration, 
id already been laid to have the laboratory and shop evenings in 
tions, if necessary. 
Valledeo, heat treat foreman of the Hall-Seott Motor Car Co., 
ive a short description of his visit at the Cleveland Convention this 
The Seeretary followed with a few remarks on routine matters, 
¥ the statement that several qualified heat treaters and chemists 
eeking positions. 
meeting was then turned over by Mr. Drake to S. R. Thurston, 
an of the ‘‘Smoker’’ Committee, who started the fun going by a 
musing talk on perfectly immaterial subjects. This introduction 
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huary 


was followed by a mock trial of one of our most highly respected mh 
conducted with all the nonsense to be expected on such occasions. | vhi 

The remainder of the evening was devoted to humorous sg} 
various kinds interspersed with some excellent music by our mem} 
cluding 8. W. Hilt, Mr. Harris and Mr. DeRoche, and several ot}; 

Two exceedingly technical designs had been carefully drawn 
boards as an interpretation of the iron-carbon diagram and othe, 
phenomena important to heat treatment, and they were now explained 
detail by Mr. Eldridge. 

The last serious event of the evening was a very thoughtful dis on 
by C. Gogle on the heat treatment of rubber tooth picks, and the meeting Techn 
thereupon came to a close with some final songs. 

All those present were not only pleased with a most enjoyable eyey 
but much gratified to realize what a large proportion of the evening’s fy, 
had been furnished by our own members” talent. D. Hanson Grubb 


HARTFORD CHAPTER 


No report received. 


INDIANAPOLIS CHAPTER 


That the men in the industries in this district are deeply interested in in - 
creasing their knowledge of steel and its treatment was evidenced by over 13 
members and guests who were present at a Special Duck dinner given by th 
Indianapolis chapter on Wednesday evening, December 9, at the Y. M. ©. A 
auditorium. Many unable to attend the dinner came in later to enjoy the 
musical program and the lecture of the evening, which was ably given by) 
A. H. d’Arecambal, metallurgist, Pratt & Whitney Company, Hartford, Com 

Because of the many special features on the program, little business 
was transacted, although time was given to William Chapin and Professo1 
John Keller of the Purdue University to outline again the reasons for the 7 
‘*Steel Treaters’’ and the many advantages attendant with a membershij) i 
that Society. 

Through the courtesy of The Merchants Heat and Light Co., of this cit 
a special musical program was broadcasted over WFBM (268 meters 
beginning promptly at 8:00 P. M. Intermingled with the musical progran 
were short speeches by Mr. A. H. d’Arcambal on the ‘‘Why of Steel’’ and 
Mr. Homer McKee, President of The Homer McKee Advertising Agency 0! 
this city, who spoke on ‘‘ Jerry Binder.’’ Later Mr. d’Arcambal admitted that 
it was his first offense at talking steel to an invisible audience, although li 
had had the pleasure of ‘‘ broadcasting’’ many times at various Chapter meet 
ings in the past. 


Even though urged by many of those present to prolong the musical pro _ 
gram, which was well received, Mr. d’Arcambal was finally introduced al 
§:55 P. M. and started the very interesting subject of ‘‘ Manufacture and 
Heat Treatment of Small Tools,’’ having with him an ample supply 0! 
samples which illustrated the special points he wanted to emphasize. Long 
discussions followed and continued after the meeting was adjourned until tl 
time arrived when the ‘‘Y. M.’’ had to sleep. In addition to the knowledg 
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as imparted to those present, the local chapter was benefited by re 


numerous applications for membership. Nearly all of the near-by 


ae well represented. C. H. Beach. 


LEHIGH VALLEY CHAPTER 


December meeting of the Lehigh Valley Chapter was held Friday 


December 4, 1925, at the Easton Publie Library, Easton, Pennsylvania. 


rhe subject of ‘‘Photoelasticity and its Applications,’’ was presented by 


as H. Frost, Department of Physies, Massachusetts Institute of 


hnology, Cambridge, Massachusetts. This subject is relatively new, 


to date there has only been one description of the method before the 
can Society for Steel Treating; and that paper gave an application 


ise to which it could be put in determining design. Mr. Frost gave 


complete description of the method, with various uses to which it is 


and illustrated these uses by typical examples. The response by an 


isiastie audience of about one hundred led to many questions which 
ced the meeting into almost a seeond lecture on the subject. 


Photoelasticity is a method of measuring distribution of stress in a 


hy means of a method invented by Professor Coker of the College of 
A model of the part to be measured is made from specially pre 


vralin. The model is an exact reproduction of the part. It is 
a specially designed machine and subjected to various intensi 


} 


stress, 


Polarized light is passed through the specimen, throwing 
of it upon a screen. 


When first stressed, this image will turn 
\dditional 


stress causes this color to pass through the spectrum 


then white and the colors are again repeated. They are known 


order in which they appear, that is, red that is shown first is 


as red of the first order, the second red as red of the seeond 


colors remain uniform only as long as the distribution of stress 
the specimen is uniform. As soon as this distribution becomes econ 


utrated at particular points, these locations become highly colored and 


the colors shown are proportional to the concentration of stress. 


Roughly, 
oft 


the second order is twice the stress shown by red of the first order. 
of the third order is approximately 8 times the stress shown by red 
first order. This highly colored pattern 


shows clearly the dis 
ion of stress in the 


material and can be mathematically determined 
following means. 

\ standard piece of pyralin is placed in a separate frame and stress 
applied 


The specimen is superimposed at right angles to the stress which 
to be 


determined upon the specimen under test, and the colored pattern 
Additional stress is placed upon the standard test specimen 
unknown stress portions become black. The unit stress upon 
standard test specimen required to produce this lack of color is equal 
the stress in the specimen under test. The position of the test speci- 
90 or 180 degrees to the test specimen, determines whether the 

Wh stress is compression, or tension. These 


+ 
a 


stresses can be 
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mathematically interpreted by 


» 
- 





It must be 





remembered that 




















it is permissible to use pyralin, 








strain. All 




















terials we 























terial such as steel, wood, ete. 























gave an illustration of a 























tions made. 














to a considerable bending moment. 





















































to the layman. His 








ing with a satisfied feeling. 














membership. 












eareful 


Mr. Frost gave many examples of 


bridge which 


illustration by 
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glass or 


determinations are carried out 


examination 
method 


any 


which 


A 


jected to the photo-elastic test and in twenty days the factors w! 
prevented the completion of the design had been determined an: 


A. S. S., 






shows the 
stress and has nothing whatsoever to do with strain. 


under the 
material; otherwise, we obtain permanent colors. 


model 


other 
isotropic and observe Hooke’s law of proportionality between ss} 


4 


with 
per cent; but usually are determined only to an accuracy of 


the 


m 


elastic limit 
Strain 
produced by stress, and stress is the unit foree producing a def, 


was 


an acy 
distril 
Kor th 


aterial 


is a def 


By reference to the table giving modulus of elasticity of diffe: 
‘an determine the deformation would be caused 


by the stresses determined by the photoelastic method. | 


t should 


remembered that the mathematical formulas for the calculation of 
of materials do not, in any instance, confine themselves to a de! 
The beam formula and others appl 
the part is made from steel, wood or putty. 
the practical applicatio: 
method in solving problems which would otherwise be baffling. 
rapidity of determination over the usual method of ‘‘cut and 
was being designed in 
. Models of this bridge had been made, and at the end of 

designer had not yet solved the problem. 


two vi 


made 


Mr. Frost also showed the model of a bridge, in whic! 
matically the members were supposed to be under tension. It 


wi 


seen on the colored photographs that one of the members was 


The Ingersoll-Rand Company 


means 


or 
1g 


come interested in this method and Mr. 
the distribution of stress around fillets and 
changing the shape of the fillet. 

j The meeting was very 


LOS ANGELES CHAPTER 


how 


this 


was red 


attractive to engineers, as well as 
treaters, and really is an engineer’s problem. 


The Lehigh Valley 


many 


gathered members from several hundred miles for this talk and 
illustration of how far it is possible to attract members to a meeti: 
interesting subject is under discussion. Mr. Frost presented th: 
very clearly and avoided the technical details which are often « 


of 


eolored aut 


plates and a clear verbal description were such that everyone left t! 
This is the real test of a successful 
and the Lehigh Valley Chapter can heartily reeommend Mr. Frost 


other chapter who is desirous of pleasing the entire personne! 


me 7. 


The December meeting of the Los Angeles Chapter of the A 
Society for Steel Treating was held in the club rooms of the Los \ 








Frost showed several exam) 


{ 





\\ 
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» Plant the evening of December 2, 1925, and was ‘‘Part 2’? of 


ember meeting. 
November 5, at 2 p. m., the members met at the plant of the 
Drop Forge Company, at which time George Moreland, manager 
plant and, incidentally, one of the Los Angeles Chapter charter 
had charge of the meeting and took the ‘*Bunch’’ through his 
an inspeetion tour, The members present had a rare treat, seeing 
forge plant. All operations were witnessed, from the making of 
to the finished product. Mr. Moreland’s plant is the largest drop 
ant in the West, service and quality of product being the reason 
volume of business warranting a plant of such magnitude. 
Moreland was speaker of the evening at the December 2nd meet 
d his subject ‘‘Drop Forging’’ was both interesting and instructive, 
‘ke briefly on the new 5000 pound board hammer now being in 
n his plant. This hammer is the second one of its kind ever in 
this country, the first now being in use in the Chrysler auto 
plant. ; 
imes Knapp told the members about what he saw of the Cleveland 
tlon, 
rman Stiles sprang a good one on the members, ‘‘The Heat Treat 
Sam MeGee,’’ which proved to be a ‘‘ knockout.’’ 
obert Sangster, manager of the industrial department of the Los 
Chamber of Commerce, had a message for the chapter members 
vas very interesting. He gave statistics on the industrial situation 
thern California, 
(. Black was ealled upon for his Hawaiian stunt, singing ‘‘My 
fom Boy’? and ‘*My Honolulu Hula Girl’’ with ukele accompani 
Much applause ensued), 
Steel Treaters’ Trio rendered several good songs during the 
of the meeting, 
ivy members were present and all voted the meeting one of the best. 
ki. C. Black. 
MILWAUKEE CHAPTER 
se of us who were fortunate enough to hear Prof. H. F. Moore of 
ersity of Illinois give an illustrated lecture on ‘‘ What happens when 
ils in fatigue’’ at the December meeting of the Milwaukee Chapter 
i4th were amply repaid for attending the meeting by the excellent 


in which the subject was handled, 


'. Moore’s great store of knowledge of the subject, derived from long 


ce and many exhaustive tests enabled him to deliver his lecture in a 
d concise manner, 

owing the lecture there was a lively discussion on the theories ad 
and showed the great interest the members took in the lecture. 

cre were 50 members at the dinner preceding the lecture and an 
nee of 150 at the lecture. N. F. Tisdale. 


NEW HAVEN CHAPTER 


report received. 
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NEW YORK CHAPTER 





‘*Round Table Discussion on Alloy Steels’’ was the subject oF 
November meeting of the New York Chapter of the American Society | as oe 
‘Treating. The customary get-together dinner preceding the meeting 
at Post Keller in the Woolworth Building. Following the dinner mem! 
guests adjourned to the Merchants’ Association Rooms, Woolworth | sled 
where the meeting was held. pti 

The New York Giants, otherwise known as Messrs. G. L. Norris, Vanadiy si 
Corp., ©. MeKnight, Jr., International Nickel Co., J. D. Cutter, Clima, patil 
Molybdenum Co., C. E. MaeQuigg, Electro Metallurgical Co., J. H. Hall, Tay) 
Wharton Steel Co., A. H. Kingsbury, Crucible Steel Co. of America, spok, 


01 f NI 
the special problems in manufacture and inspection of alloy steels 


Sper 


properties which fit them for special services and special precautions j 


in tl 


tell nickel 
working and heat treatment. The alloying elements discussed include. 


Van 
cium, nickel, molybdenum, chromium, manganese and tungsten. The chair 
J. O. Rinek, in opening the meeting, stated that the rooters for th: ri¢ 
alloys could yell themseves hoarse, but that no kicking or striking of oppon 
while down would be permitted. At the end of the contest when tly 
was tallied it was pleasing to note that few casualties had been ex). 
and the engagement had been one of sportsmanship and good fellowship 
The meeting was one of the best the New York Chapter has had. 1 
pspers were excellent, and it is only to be regretted that sufficient time 


available for a more thorough and complete discussion of each class of a! 


SU Ore 


rienhes 


WAS Tie 


steels. The outstanding features of the various papers on the alloy steels ar 


as follows: 


i VANADIUM STEELS—G. L. Norris. 


The speaker stated that there has been a 400 per cent increase in th mol} 


eS 


a 


amount of vanadium used in steel from 1909-1923. The discovery in 1905 ot ue 

suitable vanadium ore in Peru furthered the use of vanadium in steels - 
yy chemical combination in which vanadium exists in steel is due to its affinity fo. - 
carbon appearing in the pearlite. Cementite containing vanadium tends 1 . 
form sorbite, retards grain growth and segregation. The presence of vanadiun _ 


SS 
ee 


in steel increases its resistance to wear and furthers its resistance to corrosio! Une 
Chromium-vanadium steel containing under 0.20 per cent vanadium is suitall: -" 
fer ease carburizing purposes. The speaker stressed the value of vanadium in - 
producing quality steels, the favorable response of vanadium treated steel t 1 
heat treatment and their better forgeability. 7 


sa — i 
iit 


“ 


NICKEL ALLOY STEELS—C. MCKNIGHT, Jr i 


No special problems in melting nickel steel are experienced, Caution sl 
be observed in using large percentages of nickel steel scrap high in chrom 
as a thick sticky slag may result. Nickel is not a curative agent and it }as 


ti ne value as a ladle addition to quiet steel. Blowholes and pipe do no! 
‘ up in rolling nickel steels, therefore, the use of hot tops is good practic 
bl is wise to strip the ingots while hot and roll at once. Nickel steel n 
heated for rolling more carefully and to a higher temperature than 
steels. In rolling nickel steel plates, the scale is much tighter than in th: 
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steels and great care must be taken to remove it; this is accom- 


by using salt and wet burlap to blow off the seale. Seams and defects 





t be chipped out as in any first grade product. Flakes and woody structure 





ed in nickel steels during the war cannot be blamed to nickel, but 






function of the way the steel was made. Intererystalline cracks and 





s are receiving a great deal of prominence at the present time. 





Nickel is no more blameworthy for this condition than for the cause of flakes, 





rimary consideration is the method of handling after teeming. On the 





trary, it is due to the restraining influence of nickel on segregation, the 





ekel steels are less susceptible than most to these troubles. 





Nickel alloys with iron in all percentages, which accounts for the wide 





e of useful niekel-iron alloys. The speaker here noted the various iron 






illovs and eited their specific properties. 













Per Cent Nickel 
0.25 5) Structural 
10—20 Not useful ( Martensitie ) 









22—27 Corrosion resistant 
24 Non-magnetic 






24—32 Electrical Resistance 





36 Invar 
16 Platinite 


20—S80 Permalloy Alloys 








In structural steels, nickel imparts toughness and strength; also fatigue 





nd shock values may be emphasized with other alloys such as chromium (ratio 






\, to | Nickel steels, such as straight 3 and 5 per cent nickel and nickel- 






Ivybdenum are used for case carburizing purposes because of their response 










heat treatment and the desirable characteristics obtainable. In forging, 
areful heating and common sense reductions will eliminate most troubles. 





\ickel steels are capable of being torch-welded, electrie are or resistance 





velded, but will not hammer-weld. The machining difficulties are of condition 









ind not of material, Investigation is being made and the results indicate that 






speed, feed and shape of the tool must be accommodated to the material. 






Of these, speed seems to be the most important. Nickel lowers the critical 





range of steel, each 1 per cent lowering the range 20-24 degrees FP. This 





reduces scale losses and warping. Also nickel has a definite effect on keeping 






‘he grain fine, so that temperatures that would ordinarily cause grain growth 






' not damage nickel steel and the steel can be held at the proper temperature 






‘or a long time without deterioration in grain growth. In fact, this is necessary 






‘ 


is the sluggishness of the transformations in nickel steel require longer soaking 


l 






wardening temperatures. In heat treating nickel steel a normalizing treat 







ment should precede other treatments. Normalized nickel steel castings give 






esults comparable with good forgings, where before treatment they would 


He hy ++! 








and have less than 60 per cent of the strength of a forging. 









MOLYBDENUM STEELS—J. D. Currer 


speaker gave an historical outline of the use of molybdenum from the 






its isolation as an element by Hjelm in 1778 to the present day when 
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scarcely an automobile or truck ean be found in which molybden 
incorporated. During pre-war years some considerable work was 
steel investigators with a view of determining the value of molybden 
alloying element in steel. The advent of high speed tool steel led 
efforts to employ molybdenum in quantaties greater than 1 per cent 
stitute for tungsten. These were never wholly successful and even t. 
steel has been suceessfully marketed containing more than | 

molybdenum. Although molybdenum does not make an entirely sat 
high speed steel, still it does impart similar cutting qualities, and i) 


the shortage of tungsten during the war offered the best available 


There is a supply of ore in Colorado far in excess of any demand that 
anticipated, 


The form in which molybdenum is now added to electric and o 


T neat 
steel baths in the country is calcium molybdate (CaMoO,). When 
comes in contact with the molten bath, a remarkable reaction tal 
based on the fact that iron has a greater affinity for molybdenum than oxyoo K 
has. The molybdenum is reduced to the metallic state and enters thi I 
absolutely pure form, taking nothing with it, since all of the other co: 
are slag forming elements (silica and lime) which furnish a practical! 
compound thus making possible the use of this form of addition agent 
acid or basic furnaces. Calcium molybdate contains no carbon o1 
thus making it of even greater value as a toughener in steels. 
Molybdenum forms carbides in steel which are hard and except 
resistant to wear. It also dissolves in the ferrite producing remarka)! 
ness. It has little effect on the ascending or Ae critical point, but pr 
marked depression of the descending Ar point. It is a strong retarder 0! 
growth and exhibits a powerful tendency to retain earbides in so! 
cooling. It apparently has a stabilizing effect on the ability to produce ste 
uniform as to ‘‘normality.’’ 
The physical properties of heat treated molybdenum steels w! 
most prominently brought out by comparative tests are high elastic limit a) 
especially reduction of area in the tensile test, high impact value and 
durability when subjected to abrasive wear. Likewise production test 
that molybdenum steels ‘‘throw their seale’’ making clean forging 
wide ranges in heat treatment, affording greater uniformity of product a 
nbove all show a degree of machinability which is truly remarkable 
powerful influence in the rapid growth in the use of these steels. 


CHROMIUM STEELS—C, E. MacQuiae 

The speaker explained that he had been notified only a few how 
vance of the meeting that W. J. Priestly would be unable to be pri 
he expressed Mr. Priestley’s regrets. 

In discussing the specific problems in manufacturing chromium «a! 
speaker said that many of the ills and much of the grief which had } 
to the element chromium in chromium steels had been due in the past t _ 
in manufacture and that they were not necessarily due to inherent qua 
chromium steels. In the first place, it was necessary to make these s! 


deoxidized steels and not as open steels. One reason for this was tli 
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of chromium oxide, When it had onee been formed in the steel 
more difficult to clean up the steel than if the steel had been 
oxidized. Moreover, if the bath was not shaped up previous to 
of chromium, considerable chromuim losses might oeeur, Chromium 
ta particularly difficult steel to make, but sloppy practice could 
ved in or the results would be unsatisfactory. It is best to add 
to 25 minutes before tapping, and the reasons for uniform addi 
liscussed, As in the case of adding other alloys, questions of 
| to be considered as well as questions of melting point. Casting 
were higher than for the same carbon content without chromium 
t results were obtained by easting hot top ingots with the big 
etter yield, The necessity of stripping hot to avoid so-called snow 
nentioned as was also the reason which had been advanced to ex 
ferences of prevalence of snow flakes between eleetrie and open 
Care is necessary in reheating chromium steel ingots to avoid 
d billets should be slowly cooled to assist chipping. 
sing the use of chromium steels the writer briefly outlined his 
ion of these steels in which the various grades were correlated by 
mtent and principal commercial use, This classification wa 
ed with some outstanding feature in each group. 
rincering steels, such as combinations of chromium and other alloys 
nickel, vanadium, molybdenum, ete., used largely in automobile 


Chromium is contained in high speed steels up to around 4% 


vriter mentioned a type of chromium steel with 24% to 3 per 
mand no other alloying elements which had been found to show 
hock resistance, 
tless iron, stainless steel group with 12 to 15 per cent chromium, 
has prototypes of great commercial importance the usefulness of 
panding very rapidly, 
vs with 12 to 25 per cent chromium with other elements such as 


are exemplified in the Nichrome, Resistal, and similar types of 


higher chromium alloys, 20 to 35 per cent chromium, alone, for 
esistance, These are of increasing commercial importance and 
iy useful applications among which was seamless tubing. 
cautions in heat treatment were briefly discussed in the remaining 


| the speaker, 
MANGANESE StrTeEL— J). H. Haus 


ll stated that manganese is unique because no steel can be made 


ince it is essential in order to counteract the red shortness due to 


is unique also because it is comparatively cheap. The erroneous 
early chemists, that a manganese content of 144-2 per cent makes 
were brought to the attention of the chapter. A manganese con 
cent was said to be equivalent to 2 per cent of nickel in its effect 
sical properties of steel. Manganese, acting similarly to nickel, 


tensible strength and elastic limit of steel very greatly without 
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decreasing the toughness, By holding the carbon content ely low 


compat 
therefore, and raising the manganese, the strength can be brought ¢, 


without the sacrifice of ductility. The 


; 


much higher carbon steel, 


power of manganese in high and low manganese steel was also eit, Steole 
er cent manganese are used for rifle barrels, shaf . rT - 
forgings, rear axles, couple knuckles and for anchor chain of large ; 

Hall called attention to the fact that steel 


not be brittle but must be able to 


containing 1,.25-1.75 | 


under such conditions of yc, 
endure heavy stresses and fatigu 
ontaining 0.50 per cent carbon and 2.5 per 
having great possibilities for engineering service in the future. 


Which has air hardening properties, can 


cent manganese vw: { : f t 


be made to give reduction ot 


elongation of over 10 per cent, by suitable heat treatment. The spe: 
ties of high manganese steel (12 per 


cent manganese) in resisting aly 
accompanied by severe | 


ressure or blows such as in switeh 


points, frovs a, i 
crossings in steam and electric 


railway service, was also discussed, 


TUNGSTEN STEELS A. H. Kinessury 
Mr. Kingsbury stated that characteristics 


imparted to steel jy 
dc not make it suitable 


for structural purposes, but confine 
permanent magnet steels, 


st fairly 


its use to tor 


iS rianes 


The various tungsten steels were classified as fo 


Low tungsten, containing 1 to 1-% per cent of the alloy 


1 to 4 per cent of the alloy 
as high as 7 per cent of the all 
Permanent Magnet containing about 


Fast, Finishing, containing 2-1! 
One or two brands containing 


5 per cent. 


The beneficial effect of chromium and use in some eases of «m 


i} 


centages of vanadium in combination 


with tungsten for tool steels \ 
cussed. The refinement 


of grain structure influenced by tungsten an 
prevention of the formation of 


coagulation of 


is 


lamellar pearlite, as well as resisting { l 
proeutectoid cementite into the network formation 
one of the best reasons why 


Is probal 
tungsten steels make superior cutting tools. 1 
fact that Brinell, Scleroscope, Rockwell and file tests do not measure tly but 
variety of hardness best described as ecutt 
ting tool led the speaker to advance the 

First—It must 


ing hardness or durability of a 
following hypothesis :— uno 
have a certain degree of hardness, dependent on tly might 
nature of the work it has to accomplish, 

Second—The ability to retain this 
temperatures. 


Tende! 

hardness at more or less eleyat: graph 
ck: 

aring away of the eutting edy grain 
A possible designation for this third property is ‘‘ cohesive strength. ’ owe 
The effect of tungsten in increasing the ‘cohesive strength’’ is th tl 
property which makes tungsten steels superior to other tool steels and permits nd f 


‘ . . . i : lca " 
higher cutting speeds. The necessity of raising the quenching temperatures 


Third—The ability to resist heating or t 


when tungsten is used seems to be a. decided advantage in permitting the rysti 
proeutectoid cementite to be taken into solution, which in the ease of plait a 
carbon steels cannot be accomplishel without overheating, which results in ™ 

weakness from coarse structure. Tungsten steels are sensitive to prolonged oe 
soaking at or near their proper quenching temperatures due to rapid growt! 








perience Of engineers the second ane 
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Thus, preheating, followed by a somewhat rapid heating 


ith time. 
Griffith. 


hing temperature is good practice. W. E. 


NORTHWEST CHAPTER 


Hecember meeting, which was a joint meeting with the Minne 


the American Society of Mechanical Engineers, wis held 


~ hon ot 
Professor Moore of the University of Lllinois 


December 1o, 1925. 


hn on ** What Happens When a Metal Fails in Fatigue.”’ 


NK 
\ir. Moore first discussed the correlation of the engineering view point 
esting material with its metallographic structure, According to him 
ations of engineers in making tests are: 
1. The metal is homogeneous, 


» The material is isotropic. 

* Hooke’s law holds. 
y small parts of metals are considered, these assumptions are not 
the microscope shows that no metal is homogeneous, and from the 
i third do not hold rigidly ; if, however, 


* material tested are taken large enough the assumptions would be 


rly accurate. This may be compared to the statistics applied by life in 


ompanies, if a large group is considered, such as for instance 2 


ty. it is possible for them to predict with a fair degree of accuracy how 
Jeaths will oeeur within a eertain time. If a smaller group is con 


as a family, it would be more dificult to predict the deaths that 
Jd occur, while if just one individual is taken it would be impossible to 
the time of his death with any degree of accuracy. 
he stresses that may be considered in a piece of steel are: 

Internal forces 

Klastie distortion 

|istortion due to slipping. 
rhe effect of slip in reversed bending was clearly illustrated by means 
i pack of eards in which the separate cards indicated slip planes.’ If all the 
-oceurred in one direction the displacement of the metal would be large, 


if parts of the metal would slip in one direction and other parts in the 


reverse direction, the displacement would be much smaller even though the 


i 


mount of slip were the same. if we would consider slippage alone, there 
cht be an inerease in physical properties, but there is at the same time a 
tendency for rupture to occur, This was illustrated clearly by photomicro 
iphs taken while the material was subjected to repeated stressing in which 
The effect of pearlite 


ks were shown to develop along the slippage planes. 
vrains on the path of rupture was well illustrated by a photomicrograph which 


owed that the path is diverted from its original course if it strikes one of 


these grains. The tendency to rupture will increase as the stress is applied 


nd finally failure results. 

This type of failure was first thought to be due to the fact that the steel 
rystallized. beeause the fracture always had a erystalline appearance, The 
mieroseope, however, disproved this as it showed that the metal was erystal 
ne at times. A better way to explain this failure would be to consider it 


is a progressive fraeture, A small crack may have been present in the original 
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steel, or may have been started due to slippage bands caused 


tration of the load at certain points. As the stressing continu 


keeps On increasing and possibly other new ones are started. Fins 
section of the material still holding becomes so small that ab 


occurs due to overloading, 


Anything that would cause a concentration of load which w: 


cracks should be avoided in the material. The causes most ev 
with, and which cause about 75 per cent of the progressive fractur: 
inachined surfaces, grooves, sharp shoulders, and sharp V-threads. 

After the lecture there was a good discussion of fractured 
members of the societies had brought along. The effect of fl 
bearings on shafts was shown to be similar to a notch effect o1 
due to increase in cross section causing a concentration of th: 
would produce progressive fracture. This effect may be overcon: 
i shim between the fly wheel and the shaft or rounding the 
bearing surface of the wheel. 

The societies were indeed fortunate to have Mr. Moore give 


> 


well-illustrated and interesting presentation of this subject. | 





PHILADELPHIA CHAPTER 


The third regular meeting of the year was held on Novem! 
with a record attendance. 

Two of the best papers yet presented to the Philadelphia (| 
read. The first paper was read by E. E. Thum, of the 


Union | 
Carbon Research Laboratories, Ine., New York. 


Mr. Thum’s pape: 
comprehensive discussion of the application of the oxy-acetylene {| 
treating problems. 


N. L. Mochel, metallurgical engineer of the 


Westinghous 
M fy. Co., 


presented the second paper and we believe it is the first 
kind ever prepared. It deals with stainless iron from the consw 
of view. The paper is replete with data covering the heat tr 
application of stainless iron to industry and it is the consensus ot 
those who had the pleasure of listening to this paper that it is 
treatise on stainless iron ever written. 
of Philadelphia Chapter that this paper will appear in an ear 
TRANSACTIONS. 

The members of Philadelphia Chapter wish to take this oceasio: 
to everyone the Greetings of the Season. A. E. 






PITTSBURGH CHAPTER 


The December meeting of the Pittsburgh Chapter was he! 


evening of December 3 in the Bureau of Mines building. 


A large number of members attended the supper in the cat 
the chapter had as guests W. 8. Bidle, our president, W. H. Hise: 
J. E. Donnellan who spent a busy day in connection with the Reco: 


Practice Committee work as well as other society business. H. 


ston, the speaker of the meeting, was also a guest at supper. 


Chairman O. B. MeMillen called the meeting to order at 











It is the earnest hope of th 


J) 
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pter was first addressed by Mr. Bidle who told of his visits to 
chapters since his election to office; and, in his opinion, what 
to advance the interests of the society. In closing his talk he 

pon his audience that they would get out of the society just 

individually, would put into it. 

enman then followed with a talk on the metallurgist ‘‘selling’’ 
his work to the manufacturing executive, and he told what 

on foot to aid the society member to accomplish this. 

yiston was then introduced. He chose as his subject, ‘‘Some 
on Heat Treatment of Carbon Steel Castings,’’ 

nerated the A, 8S. T. M. recommended procedure of heat treatment 
teel castings. Then he gave specific examples of heat treatments 

ded annealing, and quenching in both water and oil with and 

bsequent reheating. This was followed by a description of 
al properties might be expected from each treatment. He also 
ust too high pouring temperatures which he said would cause_ 
castings. A number of references to similar work of other 
was given during the talk. 

slides of charts composed of physical test figures, both static 
were shown while the speaker explained their significance. 
were followed by others showing the microstructures of the 
various heat treatments. 
onclusion of the talk, some questions were asked which aroused 


discussion, H. A. Neeb, dr. 


PROVIDENCE CHAPTER 


received, 


ROCHESTER CHAPTER 
| received, 
ROCKFORD CHAPTER 
ford Chapter of the American Society for Steel Treating held 
onthly meeting December 11. The usual ‘‘feed’’ preceded it, 
y was feeling comfortable and receptive at 8 o’clock, when Mr, 
hairman, called the meeting to order. 
nsacting the routine business the meeting was turned over to 
eyer, Chairman of the entertainment committee, who had the 
resenting Mr. Knowlton of the Milwaukee Vocational School as 
evening. Mr. Knowlton needed no introduction, as he is not a 
‘cockford, and his paper on ‘‘Selection of Tool Steel and Some 
was very closely followed by everybody. 
viton laid special emphasis on a few points such as: bearing in 
the basie principles of the hardening of steel; using the right 
to get best results; co-operation between the man who machines 
the hardening man, so that all the information possible, is given 
r as to the name of the steel, its grade and temper, and the use 


piece is intended; difference in meaning of ‘‘quality’’ and 
; £ 


ent’’ when applied to steel; and the need of close co-operation 
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ary 
between the user and the maker of the steel in order to obtain = 
results and maintain advancement in the art of steel treating. 3 

The relative importance of chemical analysis was dealt wit re 
length. The speaker maintained that, while adhering too clos a 
chemical analysis is possibly wrong, it is still good practice to 1 ti 
reasonably closely. 

The paper was exceedingly interesting because it was of such practic 
nature that everybody recognized ideas similar to his own and was gla 
hear someone else voice them. 

After a friendly discussion of Mr. Knowlton’s paper, Chairman Hij|m» 
announced that two attendance prizes would be awarded at the January » 
ing, one for the ladies and one for the men. The meeting was then ad e rl 

R. M. 8) 
SCHENECTADY CHAPTER 

Meeting: Tuesday, December 15, Twentieth Century Restaurant, Scher 
tady, N. Y. 

Subject: Permanent Mold Aluminum Castings—J. B. Chaff 
Permold Company. 

No report of this meeting received. 

SOUTH BEND CHAPTER 

No report received. 

SPRINGFIELD CHAPTER 

No report received. 

ST. LOUIS CHAPTER 

The December meeting of the St. Louis Chapter was held at 
American-Annex on the evening of the 11th. 

The speaker of the evening was A. H. d’Arcambal, chief metallurg 
of Pratt & Whitney Co., Hartford, Conn. Mr. d’Arcambal chose as ¢! 
subject of his talk ‘‘The Manufacture and Heat Treatment of Sm: 
Tools.’’ 


The talk was well illustrated with lantern slides, and a remarkabi 


collection of various tools and broken tools, which were of the greatest! 


interest to the large and enthusiastic crowd that had assembled. 


Proper steel, proper design, and correct heat treatment are thre 


essentials of a good tool. Carbon, alloy and high speed steels each hav 
their special places. The 18 per cent tungsten high speed steel is be 
used almost exclusively by the manufacturers, but for some heavy turn 


operations the low tungsten high vanadium type is superior; t! 


however, is a more sensitive steel and takes more care in its treatmen! 


Ground-thread taps and cutters were discussed and some of thie reco 


they have made were enumerated. The various designs of tools w' 
lustrated by the samples that were exhibited. In high speed stee! 
d’Arcambal believes that the carbon is as important as the tungsten 


illustrated this by data he had obtained in practice. There is no short 


in drawing high speed steel; some tables of various tests showed 
the advantage of the tools quenched and then drawn, over 


M 
Daven 


SI 
\ 
Moore 
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in lead or salt at 1050 degrees Fahr. 


Mr. d’Arcambal believes 
manufacturers should buy their steel on specification, but the 


user will do best by buying his steel under brand names. Every- 


ed this to be one of the best practical talks that they had ever 


[he meeting adjourned after the discussion which lasted until 


11 o’elock. Alan Jackman. 


SYRACUSE CHAPTER 


G. R. Brophy of the research laboratories of the General Electric Company 
ressed the Syracuse Chapter of the A. 8. 8. T. December 14, 1925, on the 
ject of ‘‘Stress Distribution in Railway Motor Pinion Gears as Determined 


the Photoelastie Method.’’ The talk brought to the attention of the 


bers the possibilities for more exact determination of stress distribution 
hine parts, which have hitherto been designed more or less by rule of 
methods. 


In his particular problem, the speaker pointed out that the 


retle 
ST 1¢ 


method revealed that when pinions are subjected to an internal 
ressure such as they receive when they are shrunk and hammered on to 
ifts, a eoncentration of stress is found to exist at the base of the 


rather than in the web between the teeth. By means of the photo- 


ethod, the investigators were able to account for failures occurring in 


nd to alter the design to improve the part. The method is applicable 


) static stresses but also to stresses in moving parts. 


\lthough the method has been known since 1816 and much work on the 


subject has recently been done by E. C. Coker of the University of London 


aul Heymans of Massachusetts Institute of Technology, in this country 
h £Y; a 


rs of machine parts have apparently not availed themselves of this 


+ 
{ 


it was brought out in the discussion that from time immemorial, when 
ool or a steel part breaks in practice, the heat treater and steel manufacturer 


t} 


he goats, although 


re 


many failures may have been due to inadequate 

the load to which the part was subjected. P. Peskowitz. 
TORONTO CHAPTER 

No report received 


TRI-CITY CHAPTER 
Meeting: Thursday, December 17, Davenport Chamber of Commerce, 
Davenport, la. 


Subies .¢ 


What Happens When Metal Fails in Fatigue—Professor H. F. 
Moore, University of Illinois, Urbana, Ill. 
No report of this meeting received. 


WASHINGTON CHAPTER 


adelyffe Furness addressed the monthly meeting of the Washington 
December 18th, his subject being ‘‘Steel 


Melting Practice.’’ 

experience being confined to the basic open hearth, acid open 
basic electric processes, these were the only ones which he dis 
He described each as most suitable for 


production of some 
of articles and considered that none of the three processes wa6 
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the best for every use. His talk was further confined to steels 
rolling and forging of quality material and omitted from conside 
steels as are manufactured for structural shapes and plates. An 

given of the desirable procedure in each of these processes an 

recorded below those features of each upon which he placed 
emphasis: 

(a) Basie Open Hearth: Mr. Furness prefers to use under 
condition from 50 to 60 per cent of pig iron. It is extremely im 
after melting-down sufficient carbon shall be present in the bat}! 
above the proportion desired in the final product. The method 
this carbon is not important in respect to the quality of the pr 
has, however, a large bearing upon speed of operation of t! 
Almost any variety of scrap (in respect to physical form) 
extremely small material increases the charging time greatly. 
has observed in basic operation a variation in manganese content 
at the completion of the heat, but before adding the final addit 
as high as .75 per cent; the causes of this variation are not certain 
ty maintain large amounts of manganese throughout the operatio: 
beneficial to both quality and economy. Mr. Furness referred 
the oxidizing action of the slag toward the end of the heat by 
blast furnace ferro-silicon. 

(b) Acid Open Hearth: The importance of low sulphur and 
scrap was emphasized. The physical character of the serap wa 
as being of no importance whatsoever except in respect to its in 
the time of melting, provided, of course, the desired carbon cont 
down is maintained. All steel scrap may be used in a charge but | 
will be excessively slow. A high silicon content on melt-down hel; 
heat on the addition of iron ore and hence the latter can lx 
rapidly without chilling the bath. The reduction of silicon from 
walls and bottom at the end of the heat when ‘‘condition’’ is bei 
is responsible for the higher quality of acid open hearth steel 
with that made in the basic open hearth. This is due enti 
deoxidizing and degasifying effects of silicon, taking place an 
time in advance of tapping. Most of the alloying elements used 
after the addition of the silicon. The effect of too late an addit 
was given some attention. 

(c) Basie Electric: This process owes its superiority to t! 
final slag and its reducing and desulphurizing action. However, 
‘feondition’’ as in the acid open hearth process and consequent! 
possible for the melter to determine by visual means the proper 
bath nearly as well as in the acid open hearth process. Mr. Furn 
sidered that a disadvantage of the basic electric furnace was t! 
the circulation of the molten bath is poor and it is frequent!) 
have the top surface of the metal thoroughly deoxidized ani 
surface badly oxidized. However, there is much that can be done 
electric furnace that is absolutely impossible by the other proc 


manufacture of such highly alloyed steels as high speed steel, st: 


and the high tungsten tool and magnet steels. 


f. 
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‘urness considered that more heats were spoiled after tapping, 
n the actual production of the ingot, than were ever spoiled in melt 
made a plea for more care in ingot preparation. He remarked that 
licult to tap a heat too hot from the open hearth furnace (although 
es possible from the electric furnace), but it was readily possible to 
, and the 
of pouring too cold or too slow or both, resulted in severe 


hot and too fast. This condition resulted in extreme piping 


surface 
ind entrapped non-metallic particles. His recommendation as to the 
tice would be to tap as hot as is consistent with the avoidance of 
d stopper troubles and to teem as cold and as slow as possible con 
ith the avoidance of surface laps and the elimination of slag. 
diseussion following this paper was extremely lively and extended 
i. longer period than the reading of the paper itself. The subjects 
vere the adjustment of pouring temperature and rate on the basis 
ippearance of the metal as it rises in the mold, the use of a tun dish 
ring, the possibility of standardizing in any one shop the time and 
re relations of the tapping and teeming operations, and the details 
deoxidation process when using manganese, silicon, aluminum and 


nents, Jerome Strauss 


WORCESTER CHAPTER 
regular monthly meeting of the Worcester Chapter was held joint 
the American Society of Mechanical Engineers and the American 
of Electrical Engineers at the Hotel Warren, December 1. Fifty 
ended the luncheon served in the Winter Garden at 6:30 


}). In. 
speaker of the evening was A. H. d’Arcambal, 


metallurgist for 
the Pratt and Whitney Company, Hartford, Conn., whose subject was the 
‘‘Manufacture and Heat Treatment of Small Tools.’’ The speaker had 

large number of specimens and a collection of 
lustrate the points brought out during the talk. 


Mr. d’Areambal first featured this point. In order to 


interesting slides to il 


make a satis 
ol, three essentials are necessary, namely, the design of the tool 


pat tory 


itself; the highest grade steel of the proper analysis; and, the correct heat 


treatment. Sinee any deviation from these essentials results 
factory 


the Prat 


in unsatis 
tool-life, the speaker described at length the methods employed by 
t and Whitney Company, to insure the necessary standards. 


(he inspection of steel not only includes chemical 


analysis and 
phy Sicn 


properties, but also microscopic examination to insure proper treat 
ment at the steel mill; and macro-etching to guard against 
gated, | dirty material, Mr. d’Arecambal stated that a large user of 
high grade carbon and high speed tool steel should buy by analysis rather 
than by trade name. For the small user, however, without the proper 
facilities, the purchase of steel by trade name is the buyer’s 
itee of uniform quality. The control of carbon content in high 


is of utmost importance for satisfactory tool life. Pratt 
Whit ( heat 


equip} 
and els 


piped, Bseyre 


laborat 
best (ry 


speed and 
treating departments are ideally arranged and are 


with electric lead pots, surface combustion, high speed furnaces 
oil drawing furnaces. A constant pyrometer check and timing 


sVsten 


aintained to insure uniform results. Kk. D. Clark. 
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EXPLANATION OF ABBREVIATIONS. M represents Member: A represents 
Member; S represents Sustaining Men:ber; J represents Junior Member; 
represents Subscribing Member. The figure following the letter shows the 
which the membership became effective. 


NEW MEMBERS OF THEAMERICAN SOCIETY FOR STEEL TREATING | 
| 
| 


NEW MEMBERS 


ALLEN, JULIAN F., (M-12), material selector, International Nickel 
102 Richmond St., Huntington, W. Va. 

BARKER, E. H., (A-11), salesman, Wetherell Bros. Co.; mail 251 A y St. 
Cambridge, Mass. 

BLATZ, WARREN D., (M-12), vice-president and general manager, Hy) 
bustion Co., Bridgeport, Conn. 

BRINKMAN, Lioyp M., (M-12), laboratory assistant, General bk 
Alplaus, N. Y. 

HRODEN, JOAH, (M-12), vice-president, David Lapton’s Sons Co.; } | 
St. & Allegheny Ave., Philadelphia. 

BuRCH, CHARLES 8., (M-12), president, Halesowen Steel Co., Ltd., H 
Birmingham, England. 

CADIEU, ALEX, (M-12), metallurgist, Waukesha Motor Co., Waukeslia, 

CARNE, L. H., (M-9), heat treating department, American Can Co. ; 
Sacramento St., San Francisco. 

COCHRANE, CLIFFORD J., (M-12), Tube Mills, Youngstown Sheet & Tube | 
mail 7554 Constance Ave., Chicago. 

CUSHMAN, PaAut A., (J-11), student, Massachusetts Institute of Tech 
mail 4 Clyde Road, Watertown, Mass. 

Dropp, Henry J., (A-11), 182 Wisconsin St., Milwaukee. 

EARNSHAW, FRED, (M-11), steel forger, Crucible Steel Co. of Ame: 
305 South Lowell Ave., Syracuse, N. Y. 

EARNSHAW, WILLIis, (M-11), Steel forger, Crucible Steel Co. of Amer 
305 South Lowell Ave., Syracuse, N. Y. 

ENCK, ERNEST G., (J-10), 14 East Lemon St., Lititz, Pa. 

ERKERT, ADOLPH (M-12), heat treater, Naval Air Craft Factory, Phi 
mail 1131 American Rd., Camden, N. J. 

FARLEY, JOHN L., (A-10), sales engineer, Pacific Gas & Electric Co.; mail 24 
Market St., San Francisco. 

FARMER, GEORGE, (M-11), 44 West Lynn Ave., Toronto, Ont., Canad 

FosTeR, HAROLD, (A-11), 6 Jefferson St., Winthrop, Mass. 


Frye, JOHN H., (J-11), student, Ohio State University; mail 20634 Nort 
High St., Columbia, Ohio. 

GORSUCH, NELSON R., (A-12), industrial engineer, Citizens Gas Co., 49 Soul 
Penn St., Indianapolis. 

HANNA, Eart W., (M-10), acting manager, American Sheet & Pilate 0. 


Canton, Ohio. 

Hess, Ropert Mcl., (M-12), steel treater, Central Steel Co.; mail 806 East 
Plum St., Massillon, Ohio. 

HouLBrook, D. L., (M-12), laboratory assistant, Fafnir Bearing Co 2 
Belknap Rd., Hartford, Conn. 
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_Joun E., (M-11), roller, Crucible Steel Co.; mail 209 South Lowell 
, Syracuse, N. Y. 

Louis H. C., (M-12), assistant manager, National Collapsible Tube 
mail 362 Carpenter St., Providence, R, I. 


NK W., (M-12), roller, Youngstown Sheet & Tube Co.; mail 7005 


non Ave., Chicago. 
Davip M., (M-12), general foreman, heat treating department, Link 


P. O. Box 85, Indianapolis. 


LO + 
Houghton & Co.; mail 1014 Sterling St., 


L.. (A-12), distributor, E. F. 
inapolis, 

Gitpert, (A-11), 380% Seventh Ave., Milwaukee. 

WittiAM, (M-12), chief heat treating department, Naval Air Craft 


Philadelphia; mail 1120 8. Ruby St., Philadelphia. 


H. W., (M-12), shop schedule superintendent, West 


ory, 
Milwaukee 


EY, 
ps, C. M. & St. P. Ry., West Milwaukee, Wis. 


W. A., (A-10), salesman, Sehuylkill Forge Co.; mail Third _& 


rne Sts., Philadelphia. 
Kk. R., (M-9), superintendent, Whiteway Stamping Co.; 


rkins Ave., Cleveland. 
», Putip, (M-12), structural engineer, Edgemoor Lron Co., Edgemoor, 


mail 3403 


CHARLES F,, (M-11), superintendent of apprentices, General Electric 
mail 138 Parkwood Blvd., Schenectady, N. Y. 
Massachusetts Institute of Technology; 


O. F., (J-11), student, 
Mass. 


Massachusetts Institute of Technology, Room 1-333, Cambridge, 
\RTURE MANUFACTURING Co., (S-6), Forge Plant, Bristol, Conn.; 
William Klenke. 
JAMES A., (M-12), salesman, Carpenter Steel Co.; 
levard, Rochester, N. Y. 
MicHAEL G,, (M-12), professor of metallurgy, Polytechnic Institute, 
1-3, Polytechnic Institute, Apartment 


mail 54 Nunda 


ningrad, Russia; mail Sosnovia 
Leningrad, Soviet Socialist Republics. 
H. R., (A-12), salesman, Edgar T. Ward’s Sons 
nington Ave., Hartford, Conn. 
J. K., (A-12), sales department, Vanadium Alloys Steel Co., Spring 


Co.; mail 369 


\lass. 

GAS EQUIPMENT Co., 
worth, 1526 Vine St., Philadelphia. 
K., (M-12), assistant professor chemical engineering, Mich 


(S-11); president of company, Walter 8. 


( HENRY 
igan State College; matl 410 Marshhall St., East Lansing, Mich. 
CHARDSON, RoperT B., (A-11), sales agent, Spencer Turbine, Co.; mail 


104 Murphy Bldg., Detroit, Mich. 


5") 


HARRY C., (M-12), spring department, Edgewater Steel Co.; mail 


K, 
19 College Ave., Oakmont, Pa. 
» NORMAN A,, (J-12), student, University of Michigan; mail Highwood 


K., St. Paul. 


\THAN, (M-8), heat treater, Crucible-Sanderson Works, Syracuse, 
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RYAN, BERNARD J., (M-11), mill roller, Crucible Steel Co. of Amer 
124 Bryant Ave., Syracuse, N. Y. 

ScHNEID, W. F., (M-11), rolling mill foreman, Crucible Steel Co. of 
mail 224 Whittier Ave., Syracuse, N. Y. 

Scorr, H. R., (M-12), production manager, Penna. Forge Co., | 
Philadelphia. 

SerrrertT, H. A., (M-1), foreman heat treating department, Int: 
Motor Co., New Brunswick, N. J. 

SEWARD, JOHN N., (A-1), salesman, Crucible Steel Co. of Amer 
Chattanooga, ‘Tenn. 

SHORTELL, WM. H., (8-12), factory manager, Millers Falls Co., W: 
Conn, 

SrEVERT, HANs. G., (A-12), vice-director, Aktiebolaget Max Sieve: 
holm, Sweden. 

SmitH, Dr. F. M., (M-10), president, Church of Latter Day Saints; 
255, Independence, Mo. 

SmiTH, Oscar R., (M-11), chief chemist, W. B. Coleman & Co.; 
Mulford Bldg., Fifteenth & Wallace Sts., Philadelphia. 

STEELE, LEE B., (M-12), instrument maker, Naval Air Craft Fact 
delphia; mail 5814 Christian St., Philadelphia. 

STEINMETZ, JOSEPH A., (S-10), president, American Resistor Corp., 91 
Bldg., Philadelphia. 

STETLER, CHARLES E., (M-12), production manager, Light Mfg. 
67 Edgewood St., Pottstown, Pa. 

SVENSON, MARTIN O., (M-12), foreman hardening department, Wi: 
Co., Wrentham, Mass. 

SWENSON, ©. R., (M-12), superintendent, The Oaks Co., Indianapo! 

TAMER, JOSHUA, (M-12), chief chemist, Crucible Steel Co. of Amer 
1671 Fifty-fifth St., srooklyin, a 

TAYLOR INSTRUMENT COMPANIES, (S-11), Rochester, N. Y.; attenti 
Jameson. 

VANEK, FRANK J., (M-11), planer, Rock Island Arsenal; mail 904 
Ave., Davenport, Lowa. 

WARD, WALTER F., (M-11), hammerman, Crucible Steel Co. of Ame: 
215 Draper Ave., Solvay, N. Y. 

WASHBURN WIRE Co., (8-12), Phillipsdale, R. I. 

WATERHOUSE, J. B., (M-12), production manager, Nice Ball Be 
Thirtieth St. & Nicetown Lane, Philadelphia. 

WEICHERT, HENRY A., (M-11), superintendent, Subway Forge; mui 
St., Rochester, N. Y. 

WELCH, CLAUD A., (M-6), 806 Gardenia Ave., Royal Oak, Mich. 

WHIPpp.Le, A. D., (M-12), chief of laboratory, Trufast Laboratories ; 
North Kimball Ave., Chicago. 


YEATON, H. E., (M-12), night superintendent, Box 582, Pittsburg, 


ZIEGLER, NICHOLAS A., (M-8), research laboratory, Westinghous 
Manufacturing Co., East Pittsburgh, Pa. 
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ITEMS OF INTEREST 


Items of Interest 


liminate electrical contact troubles for all time, in connection with 
rometer recorders, the engineers of Charles Engelhard, Ine., 30 


contact 
which is unfailing in its operation. With this switch there can be 


St., New York City, have developed a novel mercury 


e connections, and dirty contacts and corrosion are impossible. 
e switch is simple in its design and it operates easily. It is simply 
class tube containing mercury, a minute quantity of oil, and an 
as. Platinum electrodes pass through the glass and are sealed. In 
\ the mercury makes contact with both of the electrodes, com 
the circuit. To break the circuit the tube is tilted slightly to 
B causing the mercury to flow away from the terminals to the 
nd of the tube. 
The maximum angle of tilt required to make the mercury flow back 
rth is only 15 degrees when operated with extreme slowness. When 


lIted quickly as in aetual practice in the pyrometer recorder the angle 


required number of mercury contacts are all mounted side by side 
thin the recorder case, requiring but little space. For example, where 
six records are to be made on one chart simultaneously, as is possible with 
this tvpe of recorder, six mercury contact switches are employed. In othe 
separate mereury switch is used for each circuit. 
lhe manufacturers state that the slight additional cost of this trouble 
vitch makes its use well worth while. 
The resistance is only 0.003 to 0.004 ohms, and never varies from 
limits. 
‘he low and constant resistance of these switches combined with thei: 
tely fume and dust proof features permit this recorder to be used in 
tion with electric resistance thermometers and thermocouples where 
mely high preeision is required and which would not be at all feasible 
other type of switch. 
l.. Feild has recently joined the metallurgical staff of the United 
Steel Corporation, Canton, Ohio. For a number of years Mr. Feild 
on the technical staff of the Union Carbide & Carbon Corporation, 
it the Cleveland works of the National Carbon Co., then at the 
Falls plant of the Electro Metallurgical Co., and then at the 
Carbide & Carbon Research Laboratories Inc., Long Island City. 


ter the first of the year, J. W. Bolton will be associated with the 
oundries Corporation, Moline, Ill, in the capacity of metallurgist. 
Bolton was formerly metallurgist at the Niles Tool Works, Hamilton, 
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Ohio, of the Niles-Bement-Pond Co. He has been doing research wor! 
the Niles company for a number of years and has contributed to te: 
societies and to the technical press several articles on foundry subj 


A Crabtree Memorial Fund is being founded by his former students ; 
memory of the late Professor Frederick Crabtree, who at the time of }; 
death on February 14, 1925, was head of the department of minin 
metallurgical engineering at Carnegie Institute of Technology, ace 
to an announcement from the institution. 

The proceeds of the Memorial, it is announced, will be used to « 
lish yearly mining and metallurgy scholarships which will be award 
Carnegie students. The fund is being raised entirely through the act 
of the alumni of the department of mining and metallurgical engincering 
and, according to the plans, the first scholarship will be awarded 
year. 

The trustees of the fund are C. R. Holzworth, ’14, Youngstown, Ohio: 
A. D. Beeken, Jr., ’14, Beaver, Pa.; A. W. Gittins, 708, Midland, Pa.; L. F, 

Reinartz, ’09, Middletown, Ohio; E. B. Taggart, ’10, Indiana, Pa.; and 

| Professor F. F. McIntosh, acting head of the department of mining and 

i ! metallurgical engineering. 























7 


1G Professor Crabtree died, after an extended period of illness, at St. 
f h Petersburg, Florida. He was born in Bramley, York, England, in 1867 
i He attended Massachusetts Institute of Technology where he was gradu 

ated with a B. S. degree in 1889 and later became professor of mining and 
i metallurgy at Colorado College, Colorado Springs. In 1906, he joined th 
faculty at Carnegie and was a member of it until his death. 


Tinius Olsen, founder and head of the Tinius Olsen Testing Machin 
Company, Philadelphia, celebrated his eightieth birthday December 7, 
1925. <A reception in his honor was held at the home of his son, T. Y. 
Olsen, at Mount Airy, Philadelphia, which was attended by a throng of 
friends, business associates and employees. Mr. Olsen is of international 







lidi 


reputation, and has received many tributes in recognition of the service 
he has been, especially to his mother country. Among the gifts which 
Mr. Olsen received was a medallion in gold on which there was a splendid 
likeness of himself in relief. This was given to him by his employees, 


their tribute showed the esteem in which he is held. 














and 
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F. O. Hoagland, formerly of the Saco-Lowell shops, is now master 
mechanic in charge of engineering in the combined machinery and small 
tool departments of the Pratt & Whitney works, Hartford, Conn., of the 
Niles-Bement-Pond Co. 
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F,. L. Lawrence, formerly connected with the Frost Gear and Forge Com 
pany of Jackson, Michigan, has accepted a position in the metallurgical 4 
partment of the Pittsburgh Crucible Steel Company of Midland, Pa. 


Leon W. Burns has reeently accepted a position as assistant metal 
lurgist, Remington Arms Co., UMC Bridgeport Works, Bridgeport, Con 
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[he Danly Machine Specialties Inc., 4911 Lincoln Ave., Chicago, has 
tly issued a new catalog describing their die sets and die-makers’ ac- 
ries. Preceding the catalog proper is a twelve-page section which 
a detailed description of the procedure in manufacturing die sets of 
tmost precision under bulk production. This is a pictorial trip 
oh the Danly plant. The catalog proper has the following table of 
nts: advantages of Danly devices; specifications and features of 
Danly devices; instructions for ordering; assembled die sets; advantages of 
die sets in the ‘‘ knock down’’; die sets in the ‘‘knock down’’; steel punch 
shank; swivel adapter; leader pins; bushings; dowel pins; laps, pry bars; 
ups; auto-gages; socket head cap screws; safety hollow set screws. It 
ins thirty-three pages. A copy of the booklet may be had upon 


+ 


the HOMO Electric Drawing Furnace (patents pending), brought out 

tly by The Leeds & Northrup Company of 4901 Stenton Avenue, Phila- 

phia, Pa., is said to be a basic departure from previous practice in temper 
ing steel parts in production quantities. . 


it is an electric furnace which heats by foreed convection, rather than 
by radiation, and which uses air rather than oil or salt, as in the bath method, 
is the heating medium. 

The principle advantages claimed for the Homo method are that uni- 
formity is practically perfect, both as to time and temperature throughout the 

tire load, regardless of its density, that an accurate record of each batch 
is permanently recorded on a chart, and that subseqeuent batches can be 
to match accurately, any previous one selected as standard. Operation 
s automatic and the time for bringing a load uniformly to temperature is so 
ninimized as to greatly increase furnace output, thus reducing the number 
units, the investment, floor space and fuel. Labor is reduced because the 
oroughly insulated equipment can be placed directly in line of production and 
there is nothing to handle except the actual work, (no heating medium with 
its fire risk or fumes). 

The furnace consists of a thoroughly imsulated electric unit, perfectly 
wWapted to a place directly in line of production, has an easily removable lid, 

holds the work conveniently in a removable basket, two of which are 

n connection with each furnace. One basket is unloaded and reloaded 

the other is in the furnace. 

oreed convection is applied as the heating means and air as the medium. 
iadiation has been practically eliminated as a means for transferring heat, 

nee radiation (which strikes the parts nearest the heating elements and fails 
) reach those shielded parts in the center of the load) has been the greatest 
use for uneveness in production drawing in the electric furnace. 

'o secure the needed uniformity of temperature, air is driven at a high 
elocity in alternate directions through the load and over the heating elements. 
The direction is reversed at short intervals alternately, this reversal being 
ssential to the success of the method on which patents are now pending. 


H. A. Baxter has been made manager of the steel sales department of 
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Henry Disston & Sons, Inc., Philadelphia, manufacturer of saws, to 
steel. He succeeds Charles T. Evans, retired. Mr. Baxter had bee» . 
eral manger of sales of the Tacony Steel Co. and the Penn Seaboard Steg) 
Corp. at Philadelphia, for three years. Previously he was with the {I. H. 
Franklin Automobile Co., Midvale Steel Co., and Tacony Ordnance: 
He was a graduate of the University of Michigan and a member o: 
engineering and scientific societies. 


orp. 


hany 


The W. S. Rockwell Company of New York City has placed on the market 
a heat treating furnace (economizer shield type), with single or multiple 
chambers, openings at one or both ends. The advantages of this furnac: 
comfortable working conditions; better heating conditions for the metal: 
flexibility in range of temperature, time and lead; accurate control of tem 
perature and atmosphere; decreased cost of operation and maintenan 


greater heat storage and slower cooling; lower cost of installation, with heavier 
construction. Several of these furnaces may be arranged for operation by 


one man, so that continuous production without automatic equipment is ¢losely 
approached. The fuel used may be oil, gas or electricity. Designs are available 
for a great variety of requirements. 


The Ford Motor Company has placed in operation at its River Rouge 
works a new 14-inch steel bar mill, installed by the Morgan Construction Com 
pany,- Worcester, Mass. Test runs were made several days previous to being 
placed on production operation. The mill is the first completed of the series 
which will embrace everything from open-hearths to finished manufacture. It 
is housed in a brick, steel and glass structure 460x1600 feet with splendid 
concrete foundations and floors. Erection of the open-hearth department is 
going on at one end of this bar mill. The first open-hearth unit will includ 
four furnaces, together with four electric furnaces. It is expected that these 
furnaces will be ready to operate next April. 


Taylor Instrument Company has recently issued a catalog describing 
their Tycos Thermoelectric Pyrometers. The book gives the principle of 
operation of the pyrometer, tells where it may be used in different plants, 
and describes and illustrates some of the many kinds manufactured by the 
company. The catalog is attractively bound in paper, well illustrated, and 
gives much useful information regarding the Taylor product. It is 7'x10% 


inches in size and contains 56 pages, including an alphabetical index on the 
last page. On the inside of the back cover is given a list of the available 


catalogs of Tycos instruments. 


> 


In a statement made public by the American Chemical Society Prof. J. B. 
Withrow, head of the department of chemical engineering, Ohio State Uni- 
versity, Columbus, Ohio, compares tantalum with platinum and _ platinum 
iridium in resistance to corrosion, and states that tantalum lasts 1600 times 


as long as platinum. Tantalum is one-twentieth cheaper than platinum. Prot. 
Withrow says that tantalum can be used as an engineering material, and has 
developed to be almost as valuable in corrosion resistance as platinum iridium, 


one of the best corrosion resistance alloys. 
(Continued on Page 34 Adv. Sec.) 
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ADVERTISING SECTION 


EMPLOYMENT SERVICE BUREAU 


‘OSITIONS WANTED 


<T AND CHEMIST with 14 years’ ex- 

tive industry, desires change. Past 

ies charge of both physical and 

ies and heat treating departments. 

some foundry experience. Location 
Address 12-25. 


FOREMAN, practical and competent, 
Has had 22 years’ experience in all 
forging, hardening, heat treating 
nance. At present employed, and 
oe are very good. Will furnish very 
Address 12-15. 
NGINE R desires position in the plant 
Three years’ experience in the chemical, 
7 laboratory on steel and non- 
\ddress 12-30. 
METALI ; CHE ‘MIST with eight years’ uni- 
sit nical school training desires position. 
' three years in chemical and two 
field. Address 1-55. 


ST ¢ SHE EMIST, aged 33, with 10 years’ 
to change position. Experience 
rnaces, open hearths, electric fur- 
hemical analysis and physical test- 
ind photomicrography of alloy 
n and steel castings. University 

n unrestricted. Address 1-40. 
NGINEER, university graduate, desires 
Has had 4 years’ experience in 
lysis, physical testing, metallogra- 
itment of steel and nonferrous 


60 


POSITIONS OPEN 
WANTED: Hardener, primarily for hardening high 
sy ster work. Salary to start $140.00 
er stating qualifications and refer- 
trict. Address 12-35. 


enced practical heat treater com- 
tire department with capacity to 

of 100 tons steel daily. Appli- 

ienced handling heavy work such 
heavy alloy forgings, ete. Prefer 
is a student of metallurgy. State 
cation in detail, present and past 
expected and references. Ad- 


vell-tri ained, energetic research 
rsonality. Good general foun- 
metallograpby necessary, and 
ite, or equivalent work in an 
in nonferrous metallurgy, de- 
mensurate with qualifications of 
nt please state qualifications fully 
ge, nationality, religion, whether 
nd salary desired. Address 1-20. 
TED to sell ferro: nangunese to steel 
.cquaintance with open hearth 
ise state full particulars. Ad 
representative on liberal salary 
nd expenses. Must be familiar 


nd have a good following among 
l Address 1-15. 


tallurgists. 


ited in Connecticut has an opening 
\TER who understands the present 


rdening, An excellent opening for 
ess 1-30. 


POSITIONS OPEN 
WANTED: Experienced tool steel salesman. One who 
knows Michigan and Northern Ohio territories. Our 
mill is one of the oldest and manufactures a nation- 
ally known product. Excellent opportunities for the 
right man. Write stating age, experience and salary 
desired. Address 12-20. 


WANTED: Man about 30, preferably married. Spe 
cialist in hardening of fine tool steels. Capable of 
taking charge. Able to meet people. Excellent op- 
portunity for right man. Location about 100 miles 
west of Chicago. Address 1-35 


WANTED: Steel salesman—Man capable of developing 
mill shipment accounts; to represent steel mill spe- 
cializing in tool and special steels. No warehouse. 
Territory Cleveland district, including Ohio. State 
training, experience and salary expected. Address 1-5. 
Manufacturing concern has a splendid opening for a 
successful engineer who kas had experience in selling 
industrial electric heating furnaces. State age, ex- 
perience and education. Address 1-50. 


FOR SALE 


WANTED—A used Leitz Model M. M. microscope in 
first-class condition. Address 1-25. 


FOR SALE—One 50 c. c. burette for calibration work 
and one 50 ec. c. pipette for rough measurement. Both 
are in excellent condition, the burette being used for 
only 9 school-months and the pipette for about 3 
years. About one pound of assorted rubber stoppers 
will be given away with these instruments. Will sell 
at whatever price you care to pay. The burette has 
the acceptable error of 0.03 per cent. Address 1-10. 


FOR SALE—One Pittsburgh Instrument and Machine 
Company’s Style ‘‘Al” Brinell testing machine in 
first-class condition. Address the Columbus Gear and 


Pump Co., 318-350 East Second Avenue, Columbus, 
Ohio. 


FOR SALE: Exceptional Leeds & Northrup Furnaces. 
Guaranteed Brand New. Will sell at very great sac- 
rifice. L & N “Hump” Heat Treating Furnace— 
1 No. 8058 Furnace, inside dimensions, 8% inches 
in diameter and 22 inches deep. One No. 8551—F—S 
Recorder. L & N Drawing Furnace—1 No. 9262—24 
furnace, inside dimensions, 12 inches in diameter and 
24 inches deep. One No. 8970 Control Panel. One 
No. 8571—-D—-D—39 Controller. These furnaces were 
intended to through-harden automobile crankshafts 
made of ball-bearing steel which have been elimi- 
nated in the design and which has made the fur- 
naces unnecessary. They were used only in a test, 
for a few hours. Address 12-10. 


Chambersburg Board Drop Hammers for 
Immediate Disposal 


Due to the increase in weight of our product 

sitating the installation of larger hammers, 

for immediate sale 

1—1000tb Chambersburg Board Drop Hammer, Serial 
No. 2428, installed new in 1915. 

1—1400lb Chambersburg Board Drop Hammer, Serial 
No. 2362, installed new in 1914. 

1—1500f Chambersburg Board Drop Hammer, Serial 
No. 3367, installed new in 1918. 

The hammers are in A-1 shape, are still on their 

foundations ready to operate and can be inspected at 

any time at our Coraopolis Plant. 

To make room for other equipment, it is desired to 

dispose of these hammers quickly at bargain prices. 

Pittsburgh Knife & Forge Company, 


Coraopolis, Pa. 


» neces- 
we have 
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A 20-ton acid open-hearth furnace, built by the S. R. Smythe 
designed especially for making forging steels, was recently placed 

















; : are a : Pera. 
tion at the Heppenstall Forge & Knife Co., Pittsburgh. The cons: retion 
of this furnace was done in record time. Only five weeks elapsed etwee! 
the time the furnace foundation was completed and the furnace was reaqy 
for drying out. 

The Bureau of Standards has issued No. 513 of its series of Scientific 


Papers. The title of the paper is ‘‘Origin of Quenching Cracks,’’ and the 
author is Howard Scott, physicist. The booklet contains 45 pages and jg 


4 


illustrated. It has a 3-page summary and a complete bibliography. 





It is stated that the language of the Hittite Empire, which existed fo; 
about 10 centuries prior to 1200 B. C., has been deciphered by Dr. H, 4. 
Bender, professor of Indo-Germanic philology at Princeton University. 
Among the tablets were found some relating to the working of iron seine 
in that period and the manufacturing of swords and chariots of iron, 
These were found in 1911 and 1912, but they defied the efforts of trans 
lators for years. 

These tablets confirm other evidence that the Hittites introduced jron 
into general use. Their mines were on the north coast of Asia Minor. It 





is known that they gained military supremacy over Egypt for a time by 





their iron swords and their chariots. Iron was considered of such value at 





that time that it was used for gifts among the royalty. 





One of the achievements at the Watertown Arsenal during the year 
1925, stated in the report of Maj. Gen. C. C. Williams, chief of ordnance, 
War Department, is the development of the X-ray in the investigation of 
steel and other metals. The report states that this research work is 
‘*nioneer work of basic scientific character. It has already made good 








progress and is being continued to determine how far the basic research 





may be valuable in commercial and ordnance work.’’ 





‘*The X-ray has also been advantageously used in the examination o/ 





sastings and other pieces of material to discover and locate defects not 





visible or otherwise discernable without destruction of the piece. Numer 





ous projects have been carried out successfully by the Watertown Arsenal 





laboratories in connection with the investigation of strength of materials 





and their resistance to various effects.’’ 








F. V. Lindsey has been appointed sales manager of resistance-materials 
by the Driver-Harris Company. Mr. Lindsey has been identified with the 
manufacture of nickel and nickel alloys for a great many years, being vic 
president and secretary of the Electrical Alloy Company previous to its 
purchase by Driver-Harris Company. It was under his supervision thal 
the facilities of the Electrical Alloy Company were increased from a small 
wire drawing mill with limited production to one of the leading producers 0! 


nickel-chromium alloys for the electrical industry. His efforts will be con 
of 









centrated in his new appointment on the manufacture and sale 
(Continued on Page 36 Adv. Sec.) 






AD\"ERTISING SECTION 


A NEW CATALOGUE 


of 


Standardized—Modern 


LABORATORY APPARATUS 
AND REAGENTS 


This Catalogue 


—uis different 


is more than a price list 


~ 


—has been compiled to aid 
the man in the laboratory 


Upon request, this catalogue will be sent without charge 
to Chemical and Metallurgical Laboratories 


CHANGE OF NAME 


The name of SCIENTIFIC MATERIALS CO. has been changed to 
FISHER SCIENTIFIC COMPANY 
The change was made to avoid confusion with the firms who have adopted 


names of a general character closely resembling our old name; also to denote 
the personal responsibility which has been back of this firm since 1902. 


FisHER Screntiric Company 


PITTSBURGH, PA.U.S.A. 


When answering advertisements please mention ‘‘ Transactions’’ 
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’ for industrial and domestic applications, and the D) 


‘*Nichrome’ | 
Cempany feels confident that his wide knowledge of resistance ma | 


be of great benefit to the trade. 












W. J. Nugent, vice-president and general manager of the N St, 
Castings Company, Chicago, was elected president to succeed (| Pi, C 
at the meeting of the directors held in Chicago on October 27. 
Prentiss Coonley was elected vice-president and C. A. Magn 
secretary, was elected to fill a vacancy on the board of directors. custo! 
Mr. Nugent has been associated with the company since f nish 
the present plant was erected. From 1918 to 1921 he served as vi 
and in 1921 became general manager as well. During this perio | 
pany enjoyed a steady growth, and it is announced that there . S 
change in policy as a result of the recent changes in officials. | Chro 
The interests of Mr. Piez have been taken over by Mr. N 
others. The company was organized in 1916 and has made e ste the a 
| castings since its inception. A large electric annealing furnace of 1 tive the n 
type was recently installed and the entire output is now annea this lied 
. furnace. mg S 
. } T. G. Straub has resigned his position as superintendent of th: lated 
. Tool Works, Evansville, Indiana, where he has been located for thi st ter neali 
i t years. His present address is T. G. Straub, 534 Jefferson Ave., ns 
iy Ind. : 
. Langley Memorial Aeronautical Laboratory at Langley Field, Va velo 
! short vacation he will be connected with the Famous Players-Liasky (Co then 
t poration, West Coast or Lasky Studio, as mechanical engineer in y and 
technical development and research work in their Hollywood lahorat His high 


address on and after January 1, 1926, is L. M. Griffith, Famo rs 


Lasky Corp., Hollywood, Calif. and 










H. J. Barton, member of the Los Angeles Chapter of the A. S. 8 


ee 


has become affiliated with the Earle M. Jorgensen Company, distributors 
of steel and steel products, Washington Building, Los Angel the 
4 capacity of sales manager. 


In the annual report of the Bureau of Standards are stated n 
provements in the technique of industry, with the benefits which thes 
will bring to the general public. Industrial practice is improved, there 1s 


ae ep eeaiarts 












greater precision in commercial transactions, requirements for Government 
\ purchases are standardized, and discoveries have been made in the field 
: of pure science. 

. Director G. K. Burgess states that during the year 171,196 tests hav 
i been completed, a 26 per cent increase over the preceding year. [ie sum 
; of $43,202.86 was received for public tests. There has been a co! rable 
increase in testing for Government establishments, and this line of aclivily 
is likely to increase, according to the report. 

(Continued on Page 38 Adv. Sec.) 







ADVERTISING SECTION 


Permanent Magnet Steel 








Composition is but one factor in the making of Permanent 
Magnet Steels. Thermal treatments before the steel goes to the 
customer are governing factors in obtaining proper values in 


finished magnets. 









Simonds magnet steels are furnished in both Tungsten and 
Chromium grades in sheets, strips or bars. When required in 
the annealed condition, a special anneal is given, depending on 
the method of magnet manufacture. This anneal, while soften- 
ing sufficiently to allow of cold working or blanking, is so regu- 


lated as to prevent loss of magnetic properties. Ordinary an- 






nealing will lower perceptibly these important values. 












We maintain a magnetic testing laboratory for our own de- 
velopment work and to co-operate with our customers in helping 
them to produce a product of the highest quality. This service 
and our experience are available to those interested in producing 


high grade permanent magnets for meters, magnetos, radio work 
and the like. 





We welcome the opportunity to improve your product, and 
to solve any of your present problems. 


SIMONDS STEEL MILLS 
LOCKPORT, N. Y. 


SIMONDS 


Vhen answering advertisements please mention ‘‘ Transactions’? 
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Thirty-five simplified practice recommendations have now bee) 
cepted, and many more are in process of acceptance, and surveys ar 
progress in many additional fields. The leaders in nine industries whi, 
have put simplified practice recommendations into effect estimate a 
of nearly $294,000,000 through this work. 


An unusual combination of literary quality with technical and 
mercial appeal is given in a cloth-bound volume of 96 pages entitled 
‘‘Firth-Sterling Tool Steels.’’ The book states at the start that ‘‘ Firth. 
Sterlingism is the doctrine of the human element in steel making and too! 
making, a just tribute to the man at the fire and the man at the machine,’’ 
The subject matter is selected with reference to its application by the man 
with an engineering or metallurgical training and the man in the sho; 
who is daily selecting, treating and using tool steels. The evolutio) of 
Blue Chip high-speed steel and of Firth-Sterling special tool and die stee! 
at the company’s mills at McKeesport, Pa., and the choice and treatment 
of the product by the user, are discussed. A dozen pages of the text are 
concerned with heat treatment, and here the importance of the personal 
element is emphasized. The book is effectively illustrated, and is excep 
tionally attractive and valuable. The manufacturing company and its 


agents, E. 8. Jackman & Co., Chicago, deserve a great deal of credit for 
their work. 


The Stanley P. Rockwell Company of Hartford, Connecticut, announce 
that as a result of the contest held at the Cleveland show the five tube 
Neutrodyne radio set has been awarded to Mr. Frank H. Kingdon, of the Sulli 
van Machinery Company, Claremont, N. H. 

Mr. Kingdon’s suggestion for a trade-name for the Rockwell Dilatometer 
was ‘‘VOLCRIT,’’ which is quite suggestive of the operation of the equip 
ment of indicating the exact time of quenching of the steel through determina 
tion of the critical points by the volume changes accompanying the trans- 
formations. 

Many unique names were submitted and the task of selecting the winner 
was no easy one. 


Each of the sixteen coal companies represented on the advisory board 
for the co-operative coal mining courses at Carnegie Institute of Technology 
has agreed to interest at least one prospective student among its employes 
to take either the two-year or the four-year degree course in coal mining 
next year, according to an announcement. 

This action, it is pointed out, is to be taken in an effort to increase 
the supply of better-trained young men in coal mine engineering by in- 
creasing enrollment at Carnegie and by developing the institution’s facili 
ties to train larger groups of mining students each year. 

Several of the coal companies, it is reported, are planning to help 
finance the student’s expenses, either by loaning sufficient funds when he 
enrolls, or by paying, outright, at least half of the expenses. One 0! the 
companies wil] finance the second year for any of its employes who would 

(Continued on Page 40 Adv. Sec.) 
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STEWART-POTS « CARBURIZING 


STEWART Round Pressed 


Steel Carburizing Pots 


TEWART Round Carburiz- 
ing Pots are of pressed 
5/16” thick with legs 

in the bottom. They 

re § less, one-piece steel 
ontainers, eliminating all 
hance of losing carburizing 
through sand _ holes, 

or welds. They reduce 

e to a minimum and 
even heat. Our large 

nl tion enables us to quote 
unusually low prices; delivery 
rom a large stock of assorted 


The Stewart Round Pressed Steel Carburizing 
Pots were designed especially to turn out work 
with an even case on all keats. 

They save fuel, are more easily handled when 
loading and unloading the furnace. The re- 
sulting economy coupled with the high efficiency 
of Stewart Heat-Treating Furnaces make an ideal 
carburizing unit. 

The Oven Furnaces are rugged in construction, 
lined with first quality bricks backed by the 
best quality of insulation and their reliability 
is known for many years in all plants where 
absolute uniformity in heat-treating is a neces- 


STEWART 


Industrial Furnaces 
CHICAGO FLEXIBLE SHAFT COMPANY 


1144 S. CENTRAL AVE. - CHICAGO, ILL. 


16 Reade Street 79 Milk Street 
New York, N. Y. Boston 9, Mass. 


306 Sycamore Street 768 Mission Street 

Specifications Cincinnati, Ohio San Francisco, Calif. 
Opening in. in, 
Depth in. 306 Wesley Bldg. Pioneer Building 
Flo in. Philadelphia, Pa. St. Peul, Munn. 
( ; 
in. 
tions in. 4507 McPherson Ave. naa — oa 
Oil connecti ns % in St. Louis, Mo. ower, — 
Requi I : 
ECD 0.000 0.60 666s Eee No. 6 Blower 1200-1201 Standard Life 
Shipping weight 12,000 Ibs. 4805 Park Ave 


Indianapolis, Ind. nian we. 
TEW ART No. 36 Oven Furnaces are in 943 Granite Bldg. enh Gininins Site, 
7 wide ae for carburizing and annealing. Rochester, N. Y. Cleveland, Ohio 
ley are bio ; . 4 
burizing boxe nough to receive and hold ear 1738 19th Street 2U24 Railway Ex. Bldg. 
ve 8 boxes and annealing pots of the 
areer s1z 


Milwaukee, Wis. St. Louis, Mo. 
a and to handle heavy and long 


748 COnnectio 
Air conne 


julres , 


Canadian Factory 
3849 Carlaw Ave., Toronto, Ont. 


————————————————— 
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take the first year of the two-year course, and another has offered 
any worthy employee wishing to take either a two-year or 
course at Carnegie Tech. 


nance 


a r-year 


The coal companies represented on the advisory board of 
labor officials, and engineers and which have joined in the ag: 
interest at least one student each next year are the Hillman 
Coke Co., Vesta Coal Co., Greensburg-Connellsville Coal Co., W. 
ley, Ine., Westmoreland Coal Co., Pittsburgh Coal Co., Inland 
Co., H. C. Frick Coal Co., Bertha-Consumers Co., Bethlehem Mines 
Buckeye Coal Co., Republic Iron and Steel Co., Keystone Coa! 
Co., Allegheny River Mining Co., Pittsburgh Terminal Coal | 
Ford Colleries Co. 


rators, 
ent to 
il and 
Calver- 
olleries 
Corp,, 

Coke 


and 


The interest of these companies in increasing the enrollm: 
mining students at Carnegie is indicative of a shortage of properly trained 
junior executives in the coal industry, Carnegie officials point out, 
shortage that the coal companies consider to be one of their m 
problems. 


coal 


Sé rious 


R. G. Atkins, member A. 8. 8S. T., formerly in the metal 
partment of the United Alloy Steel Corp., Canton, Ohio, has 
position with the Latrobe Electric Steel Co., Latrobe, Pa., 
capacity. 


r Cg 
i LC; 


1! 


E. A. Hurme has been appointed manager of the electric furnace see- 
tion of the industrial heating division of the Westinghouse Hlectrie & 


Mfg. Co., East Pittsburgh, Pa. He was formerly manager of | 


the steel 
mill section of the industrial sales organization. 


O. T. Muehlemeyer, just appointed district manager for Illinois, Iowa 
and Wisconsin by the Rodman Chemical Co., Verona, Pa., formerly was 
metallurgist with the Barber-Colman Co., Rockford, Tl. 


The Brown Instrument Company of Philadelphia has recently issued a 
new trade publication in the form of a ten-page pamphlet describing new 
designs of recording pyrometers. One of the advantages of these new de- 
signs is that of making more than one record, one instrument making six 
simultaneously. The designs are well illustrated. 


Dr. J. A. Brinell, whose services in the field of metallurgy were recog 
nized by metallurgists of all countries, died November 17. He | 1 just 
been presented a medal in recognition of his services to the Swed sh iron 
industry, the formal acknowledgment of which reached him just before 
the end came. 

Dr. Brinell was a pioneer in the field of hardness testing and was the 
inventor of the ball type indentation testing machine which bears his 
name. 
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